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TO THE 

RIGHT HONOURABLE 
William H. en N aſſe au de Z uleiſtein, 
Earl of Rochford, Viſcount Tan- 


bridge, and one of His Majeſty's 
Principal Secretaries of State. 


My Lord, 

7 HE great and various ad- 
vanta ges derived from the ma- 

thematicks in general, are uni- 

verſally acknowled ged by the intel- 

ligent. 


Among the ſeveral branches, the 
excellence of Trigonometry, and its 
uſefulneſs to the commerce of mankind, 

are 


The Dedication. 


are ſo apparent ; that it is not un- 
worthy the attention of perſons in the 
moſt elevated ſtations. 


This confideration added to my 
long experience of your Loraſhip's 
goodneſs and condeſcenſion, emboldens 
me ta addreſs this treatiſe to your 
Lordſhip; and I ſhall think myſelf 
happy, if my endeavours to eftabliſh 
the elementary principles of the ſcience, 
obtain the ſanction of. your Lord- 

ſhip's approbation. 


T have the honour to be, 
With the greateſt reſpect, 
My Lord, 
Your Lordſbip's much obliged, 
And moſt obedient Servant, 


WILLIAM PAYNE. 
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P R E F AC E. 


| T HE following 3 Were com- 


poſed for the Author's private 
uſe , when employed in teaching mathe- 
maticks; and are now publiſhed for 
the inſtruftion of ſuch young gentle- 
men, whoſe curioſity, or profeſſions, may 
lead them to the fludy of theſe moſt 
agreeable and uſeful parts of know- 
ledge. 


The work is formed of materials 
which lie in common, and are open to 
all; for new theorems to excel and 


fe percede the old ones, are little to 


be defired, and ſtill 1 * to be er- 


* 
Al- 


il PREFACE. 
Although the Author has not the 


Honour of introducing ne diſcoveries, 
yet he claims the merit of many new 
demonſtrations; and hopes to find his 
lem prove eaſy to the learner, ac- 
ceptable to the intelligent, and Suf- 
Ora exten <4 e for a book MY elements. 

To 5 n are ale, the 
h bey fraction of the common tables, the 
aoftrine of the ſphere, and the prin- 
ciples of navigation, ſo far as was 
conſiſtent with the plan; and all the 
caſes in ſpherical triangles, are applied 


to aſtronomical problems. 


All numbers marked with (p), re- 
fer to articles in Payne's Geometry ; 
but all other references are to preceding 
articles i in this book. 
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TRIGONOMETRY, 


by 


CHAP. I. 
Containing the firſt Principles. 


t. A Point is that iwhich has no parts, or nag- 
nitude, 
A ftrait line i is that which lies ai, bettotes 
its 1 or ends. 

3. A plain angle is an opening or corner, made 
by two ſtrait lines meeting one another, 


B 4. When 


1 


4. N ben a ſtrait line a» ſtanding upon another 
CD, Makes angles ABC, ABD, on each fide equal to 
one anather, each of thoſe equal angles is called a 
right angle; and the line AB is ſaid to be perpendi- 

cular to the line cD. 


A. 


3 B D 

Note. An angle is uſually expreſſed by three let- 
ters, that placed at the angular point being always 
written in the middle. 

5. An obtuſe angle is one that. is greater than a 
right angle. : 

6. An acute angle is one that is teſs than a right 
angle. 

7. A line AB Randing any "bow upon (another 
line o, makes two angles c Ba, ABD, which 
taken together are equal to two'right angles. 67 p. 


8. A 


Ly 1 


3 8. 4 line AB cutting another line op in r, will 
a make the oppoſite angles equal; 'namely, the angle 
: axe = BED, and AED = BEC - 70 p. 


9. A plain triangle is a figure made by three 
Nrait lines meeting one another. 

10. Trigonometry is the art of finding the required 
parts of triangles ; (namely, fides or angles), from 
other parts. already known or given, 

11. An equilateral triangle, is one that has three 
equal ſides. 

12. An iſoſceles triangle, is one that has on * 
two equal ſides. 

13. A right angled triangle, is one that has a 
rizht angle. 
14. An oblique angled triangle, is one that has 
no right angle. 

15. In the ſame triangle, oppoſe te to equal fides 
are equal angles, and e te to cqual angles are 
equal fides = - 63, 65 p. 

16. In the ſame N oppoſite to the greater 
fide, is the preater angle, and oppoſite to the greater 
angle, is the greater ſide - - T3 799. 


B 2 17. A 
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17. F any fide of a plain triangle be produced, 
the outward angle will be equal te both the inward 
remote angles - — 9 86 8. 

18. The three angles of any plain triangle taken 
together, are equal to two right angles. 86 p. £ 

19. A circle is a figure bounded by a curve 1 
line, called the circumference, every part where- 
of is equally diſtant from the middle point or cen- 
Fer. 


20. Any part of the circumference of a circle is 
called an arch. 

21. The circumference of every circle is ſuppoſed 
zo be divided into 360 equal parts, called degrees; 
each degree into 60 equal parts, called minutes; 
and each minute into 60 equal parts, called ſeconds, 
Se. | 
22. A quadrant of a circle will therefore contain 1 
go degrees, being a fourth part of 360, 3 

23. Equal angles at the centers of all circles, - 
will intercept equal numbers of degrees, minutes, Sc. 
in their circumferences + - 148 p. } 

24. Hence every plain angle is meaſured by an 1 
arch of a circle, whoſe center is the angular point, 4 
and is ſaid to be of ſo many degrees, minutes, c. 
as are contained in its meaſuring areb. 

25. All right angles therefore are of go degrees, 
or contain go degrees, becauſe their meaſure is a 
quadrant. 
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26, The three angles of every plain triangle taken | 
together contain 180 degrees, being equal to two 


right angles — 8 - - 865. 
27. In a right angled plain triangle, the ſum of 
its two acute angles is go degrees = 88 P. 


28. The complement of an arch, or of an angle, 
i its difference from a quadrant, or a right angle. 

29. The ſupplement of an arch, or of an angle, 
is its difference from a ſemi-circle, or two right an- 
gles. 

30. The magnitudes of arches and angles, are de- 
termined by certain ſtrait lines appertaining to a cir- 
cle, called chords, fines, tangents, c. 


31. The radius of a circle, is a line proceeding 
from the center to the circumference. 


32. The chord of an arch is a ſtrait line joining 
its extreme points, - 


33. The fine of an arch is a line drawn from 


either end of it perpendicular to a diameter meei- 
ing the other end, 


34. The verſed ſine of an arch is that part of 
the diameter intercepted between the fine and the end 
of the ſaid arch. 

333 be tangent of an arch, is a line proceeding 
from either end, perpendicular to the radius joining it; 
end its length is limited by a line drawn from ihe 
center through the other end. 


B 3 36. The 
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36. The ſecant of an arch, is the line proceeding 
from the center, and limiting the tangent of the ſame 
arch. : | 

37. The coſine, cotangent, &c, of am arch, is 
the fine, tangent, Sc. of its complement. 

38. About the center e, at any diſtance ca, de- 
ſcribe the circle aBDE, draw the diameters AD, BE, 
at right angles to each other; take the arch vx leſs 
than DB, draw rau, FHN, perpendicular to AD, 
BE, Produce the line CF to 1, and eres DL, B1 per- 
pendicular to AD, BE. 


2 hen according to the preceding definitions, and the 
conſtruction above. 


Tre arches AB, PD, DE, EA are quadrants 22 
The arch pr meaſures the angle Der = +» 24. 
Lach of the lines Ca, CB, CD, CE, is a radius of the 
circle - ieee Eng - - 31 
FM 7s the chord of the arch FDM - 8 
FG is the fine of the arches ABF and FD 3 


AG, GD, are the verſed fines of the arches apr, aud 
FD - — - * 34 


DL 7s 
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DL 7s the tangent of the arch 995 and of its ſupple- 


ment ABF _ We — — 35 
CL 7s the ſecant of the arch pr « 26 
FH is the coſine of the arch Dr, and of its ſupple- 


ment AEF - . — - 37 

BI ig the cotangent of the nb DF - 37 

CI is the coſecant of the arch DF - 37 
Remarks. 


39. All the lines deſcribed above, belong equally to 
an arch, and the angle meaſured by tt, 

40. In equal circles, the chords, fines, tangents, 
Sc of equal arches, or of equal angles, are equal to 
each other reſpectively - - - 1520. 

41. The greateſt ſine is that of 95 degrees (or of a 
quadrant) it being the radius of the circle: thus the 
radius BC, is the fine of the arch DB, or angle BCD, 
and is greater than FG. 

42. The ſine of an arch, is half the chord of dou- 


ble the ſame arch; or the ine of balf an arch, is 
balf the chord of the whele arch. 
For if the arches DF, DM, be equal, the angles 
4 FCD, DCM, will be equal (1 50 p.) and CD will bi- 
o ſe rm at right angles = - 62 P. 
, 43 The ſine of an anole at the circumference, is 
half the chord of the arch upon which it is conſli- 
tuted. 
For the angle Fam = (half feu by 142 p. =! 
rep, therefore ro is the ſine of ive angle FAM. 40 
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44 The celine of an arch, is equal to that part 
of the diameter, which is intercepted between the 
center of the circle, and fine of the ſaid arch. 

For CGFH is a reflangular figure by conſtruction; 
therefore o = HF, the coſine of the arch Dx, or co- 


fine of the angle por. - . - 37 


45. The ſquare of the radius, is equal to both the 
ſquares of the fine and coſine of any arch; namely, 
cg Ae, becauſe roc is a right angle. 100 p. 

46. As the coſine of any arch to its ſine, ſo is 
the radius to the tangent of the ſame arch. For the 
triangles cor, CDL, are equiangular, and therefore 
CG ; GF ,. CD: DL * — 193 P. 

47. The radius is a mean proportional between 
the tanzent and cotangent of the ſame arch. Far 
the triangles LDC, CB1, are equiangular, and there- 
fore yr: ne 33 cB ; i, or-DC} DL 33-21 2 no 


(193 P.). 
48. The 


191 


48. The tangents of any two arches are recipro- 
cally propos tional to their cotangents. 

Suppoſe r, t, the tangents of two arches, and 
c, r, their reſpedtive cotangents, to the radius x; 
then T: M : c, at: R :: R: (46). 
Therefore T Xx O = (RXR=) Xe (186 p.) 
Therefore 1: 1c: 0 - - 187 p. 

49. The radius is a mean proportional between 
the coſine and ſecant of the ſame arch. 

For co : er:: co: cl, by femilar triangles, 
therefore : o :: : c] putting CD for its 
equal or. 

50. The chord of 60 degrees, and the tangent of 
45 degrees, are each equal to the radius, 

For if the angle ru is of 60 degrees, the equa! 
angles CFM, CMF, will each contain 60 degrees (26) 
and the triangle M, will be equilateral (15). Again, 
if the angles LCD, DLC, be equal, each will coutain 
45 degrees, and DL will be equal toc - 15 
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Containing theorems, and ſolutions of all ibe 
warious caſes in plain triangles. 


Theorem 1. 


51. In every plain triangle, the ſides are propor- 
tional to the fines of their oppoſite angles. 


#20 : 


a 


ATE FT ct 


Let azc be a plain triangle, then the ſide aB 


is to the fine of the angle o; as the ſide pc to 
the ſine of the angle a. 

Produce as, make ap equal to en, about the 
centers à and c, deſcribe the arches po, BI, and 
let fall the perpendiculars BE, pr, upon ca; pro- 
duced in fig. 2. - - - 299 p. 


Now 


- 2 * gw & 
oy L * — 
S P 


1 
Now AEB, Arp are right angles 
The angles An E, Abr, are equal 
And the angle bar is common 


— con. 
e 


Therefore the triangles AE, abr are equiangu- 
lar * — vol ag 27 Ps» 


1593p. 
But BE, DF are ſines of the angles c and 4, to 
the ſame radius cB or AD 


Therefore AB: BE T=: AD: DF 


5 33 
Th. as : fine of :: Bc © fine of a, 56 p. 
which was to be demonſtrated. 


52, Again, 


( 12 ) 


51. Again. 


' The fides of any plain triangle are propertional 
to the fines of their oppoſite angles. 


In the plain triangle 4 3 c, the ſine of the 
angle c, is to the ſide A B; as the ſine of the 
angle 4, to the fide Bc. 

Biſect the ſides in p, E, r, and deſcribe 2 
circle about the triangle - 29, 330 p. 


Now AD; BE : 24D: 231 - 174 p. 
ann: an: no - 174 p. 
I 4b: aB 33-337 nc - 175 p. 


But AD, BE, are the fines of the angles c 
and A, at the circumference of the circle. 42 


Therefore, the ſine of c, is to the ſide aB; as 


the ſine of 4A, to the fide Bc; which was to be 
demonſtrated. 
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In à right angled plain triangle, the vypotbe 
| uſe is to the radius of a circle, as either of the 
L Maes to the fine of its oppoſite angle. 


A 


Let the plain triangle anc have a right angle 
at x, then Ac is the hypothenuſe, and AB, Bc, are 
the ſides or legs. 

Now ac : fine of s :: nc : fineofa 61 
: And ac : ſine of 3:: as : ſine oe 1 
But the angle 8 contains go degrees (2 5) and its 


4 ſine is a radius of the circle - 40 
Therefore 40: radius :: nc : fine of a. 36 p. 
And AC : radius :: AB: ſine of e. 56 p. 
which was to be demonſtrated. 
Remark. 
Hence, radius: ac :: fine A: Bc - 52 
And radini; ac ;; ne : as - 52 


Theorem 


— 


{ 14 ] 

Theotem 2. 

54. Ing right angled plain. triangle, the radius 
of a circle is to the tangent of either acute angle, as 
#be adjacent fide 70 the oppoſite Ade; and 45 eitber 
fide to the radius, ſo is the other fide to the tangent 
of its oppoſite angle, 


Let Ane be Fl plain triangle, having a right 
angle at g, about the center 4, with any radius 
AD, deſcribe the quadrant. DE, and Erect DF at 


right angles to AB., 


Becauſe Abr, ABC are right angles, and the 1 
angle Bac is common, the triangles ADF, ABC, 
are equiangular =» .- 8 p⸗- 4 
Therefore Ap: pr 2: AB „ 193 p. a 
And an: Ab:: BetDF - # 193 p. 
But ap is the radius of the circle, and pr is the 1 
tangent of the angle Aae - 35 7 
Therefore, radius: tan. A : AB? BC 56 p. 7 
And 233 : radius :: Be; tan. A 36 p. F 


55. Corollary, 
Hence aB : 2: radius: tan. A 473 


— — 


| | . 
And aB T: n:: radius: tan. A 207 p. 
Theorem 
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Theorem 3. 
56. In a plain triangle, the ſum of two unequal 


Ades, is to their difference; as the tangent com- 
plement of half the contained angle, to the /angent 
of the difference between the ſaid complement and 


each oppoſite angle, 
3 
1 — 
4\ 4 13 a 3 


Let apc be a plain triangle, having the 
fide as greater than the ſide ac;* produce BA to 
p, make both Ap and AE equal to Ac, join DC, 
CE, draw AFG biſecting the angle cas, and 
HF1 parallel to DB. 5 
Now the angle arc = are, and er = FRE 62 p 
Therefore arc, AFE, are right angles 9 p 
Andci=1i8 - «© 101 p 
The angle Acer, or Akr, is the complement of 
JJ K es ee... 
And the angle reo, or Eon, is the difference of 
the ſaid complement from each of the angles 
r . 


WY 


Again, 


Again, the angle Abe = Ac - 63 p 
And the angle pac = apc + xcv 86 p 
Th. the angle BA = Ape 6561p 
And AG is parallel to e - - 80p 
Th. ps: x3 :: mers - 123986 P 

D - +. "00S 

27 BI21G -, = <- - - 6p 

%%% - << 00S 
But DB = A3 + AC, EB = AB — AC, and AF, 
FG, are tangents of the angles Acr, reo, to the 
RS > EEE eee 38 
Th. aB + AC: AB — AC :: tan. ACF : tan. 


%%% ß ß OS 


which was to be demonſtrated. 
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Theorem 3. 


56. In a plain triangle, the ſum of any two une- 
qual Ades, is to their difference ; as the tangent of 
half the ſum of the angles oppoſite to thoſe jides, to 
the tangent, of the difference between each and their 
ba 4535 dong 02 572 


* 
9 1 


— 


__Let.anc be a plain triangle, having the ſide 
AB. greater than the ſide ac ; produce ac-both 
ways, about the center a, with the radius AB, 
deſcribe the ſemicircle: DBE, join bs, BE, and 
draw CF parallel to EB, 

1. The angle Ba, is the ſum of ca, anc 
(86 p.) therefore the angle Des, is half the ſum 
of BCA, ABC, ſince it is equal to half the angle 
BAD (142 p.). Again, the angles ABE, per, are 
each equal to DEB or AEB (63, 83 p.) therefore 
each of the angles ABE, ber, is half the ſum of 
BCA, ABC, the oppoſite angles. 


2. The 


2. The angles ner, Bre, are equal to cr; 
DBx, each to each (82, $3 p.) and pr is a right 
angle (153 p.). Therefore either of the angles 
ser, CBE, is the difference between each oppoſite 
angle, and their half ſum ; pre is a right angle, 
(54 p.) and pc : cx :: DF: FB (189 p.) Laſtly, 
Do, Cx, are the ſum and difference of as, ac, and 
DF, FB, are tangent of the angles por, ger, to 
the radius or (35.) T herefore, 45 + ac : AB — 
AC :: tangent of half the ſum of CA, Ac: 
tangent of the difference between each and the 
half ſum; which was to be demonſtrated. 
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57. Remark. 


J 


＋ „ 

Since the ſame two ſides may contain any 
angle whatſoever, it follows by equality of ratio, 
(173 p.) that the tangents of all half ſums, and 
differences, of angles oppoſite to the ſame ſides, 
will be proportional; namely, tangent of de: 
tangent of Fc :: tangent of por: tangent of 
FcB (in the laſt figure) ſuppoſing ab, ac, equal 
to AB, AC reſpectively ; and when the contained 


angle is 90%, the half ſum of the oppoſite angles 


(def) is 459, and the difference Feb, will be the 
exceſs of the greater acute angle above 459. 
Hence ariſes another way (very uſeful when the 
logarithms of the ſides are given) td find the dif- 
ference between half the ſum of the oppoſite an- 
gles, and each of them, by two proportions, 


Thus, 

1. As the leſſer ſide ac, to the greater ſide as ; 
ſo is radius, to the tangent of an angle (a ch); 
from which take 459, 

2, As the tangent of 43, to the tangent of the 
remainder (fc 5); ſo is the tangent of half the op- 
polite angles (per) to the tangent of the diffe- 
rence required Fog. 

C 58, Theorem 
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Theorem 4. 


58. As double the baſe of a plain triangle, to the 
fum of its ſides, jo is the difference of the ſides, to 
the diſlance of a perpendicular, from the middle of 


the baſe. 


A. 1 
Let ABC be a plain triangle, having the ſide 


An, greater than the ſide gc; and a perpendicu- 
lar Bp, falling upon the baſe ac, whoſe middle 


POINT is x. 

Then 2AC : AB + BC:: AB — BC : Ep. 

For A ＋ BC X AB—BC _2ACXED. 122 p. 
Th. 2c: AB ＋ O:: AB— BC: ED. 18 p. 


59. Corollary. 


Hence AD = Ac + ED, the greater ſegment. 
And pc = $ac —ED, the leſſer ſegment. 


Theorem 


os ö 
7 
4 25 
3 
Pe 


% 
1 
0 
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Theorem 6. 


60. In a plain triangle, the reckangle contained 
by any two des, is to the ſquare of radius , 4 a 
reftiangle contained by the half ſum, and half re- 
mainder, of the baſe and difference of thoſe ſides, te 
the ſquare of the fine of half the vertical angle, 


Let Age be a plain triangle, having the ſide 
AB, greater than the ſide gc; make Bx equal to 
Be; join xc; draw BD, biſecting the angle anc 
and cutting xc in r; alſo draw Ab, FG, FH, pa- 
rallel to xc, ca, BA; and about the center 1, 
with the radius 1x, deſcribe the circle IM. 

Now Exc is biſected at right angles, by the 
line BD (62 p); therefore Bpa is a right angle, 
being equal to E (83 p), and AE, AC, are bi- 
ſected in 6 and 1 (101 p). Again, AG, AF, FF, 
are equal to ir, HF, Au, each to each (gip); 
therefore ne is biſected in 1, ſince AG, or ir, is 


the half of Ax, or ar; and 40, 11, IM, are e- 


C6 qual 
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equal (48 p.); tnerefore AL =(4ac + 4A =) 
2 , and AM = (Fac — 2A =) =, 
5 * 
Thiidly, yu being a diameter of the circle, its 
circumference will paſs thro' the point 2 (153 p.) 


therefore aD X AH = AL X AM (217 p.) there- 


Ac TAE AC— AE 
fore AD X EF = —.— * (56 p.) 


— 


Laſtly, AB: radius :: ap : ſine of A0 53 

And BE: radius: : EF: ſine of TAB 53 

'Th. ABXBE : radius':: ADXEF: fine*of ABC. 206p. 
1. ACTAE AC—AE — 


Th. ABB: radius? :: = - X : : ſine*s 


of half the angle anc (56D) which wee +> he 
demonſtrated, 


Theorem 


4 1 


Theorem 7; 

61. In a plain triangle, as a reflangle contained 

Ly the half ſum of the fides, and its exceſs above 

either fide, to a refangle contained by the exceſſes 

of that half ſum above the other Ades; ſo is the 

ſquare of radius, to the ſquare of the tangent of 
balf the angle oppoſite to the ſide firſt taken, 


In the plain triangle anc, find p the center 
of a circle touching the ſides at E, r, o, (333 p.) 
continue AB, AC, AD, to H, 1, L; draw BL biſecting 
I the angle cBn ; let fall the perpendiculars Ln, 
YZ LI, LM, and compleat the figure. 


1 I. The angles HAL, LHA = IAL, LIA, each 
to each, and aL is common; therefore An A1, 
and LH=11 (77 p); for the ſame reaſon bn 
=8BM, and LR = LM, therefore LI = LM 
C 2 there 
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2E i 


therefore o = cM*® (100p), and cx = CM; 
therefore an = an + BM, and Al = Ac + CM 
therefore an + AI = 4B +BM + ac+ cmg 
or 2Ak = AB + Bc + ca, and A is half the 
ſum of the three ſides; alſo ar + 2B + cr, is 
half the ſum of the three ſides, ſince theſe parts 
are equal to AG, BF, CG, each to each (77 Þ)3 
therefore An = ax + EBT cr; therefore 6u m ox, 


and AE, EB, BH, are the exceſſes. 


2. Becauſe E and x are right angles, the ſum 
of Epr, FBE will be two right angles (89p); 
therefore the angles Er, IH are equal, and 
their halves zo, HBL, are equal, 


3. The 


E 1 

3. The triangle pA, is equiangular to BHL, 
and AED, to AHL, by what appears above, 
Therefore DE: EB !! BH: HL, and AE: AR 
**DE: LH, Therefore b E H = EE X BH 
(185 p); and Ap? AH X AE :: DE? : DE X 
HL (184 p). Therefore AR“: DEA :: AH X 
AE: EB X BH, by alternation and ſubſtitution 


but ax* : DE :: radius? : tangent * of pax (55) 
Therefore AH x AER: EB X BH :: radius 

: rangent* of half the angle Bac (173 p): which 
was to be demonſtrated. 


[ 
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62. Solutions to ſeven queſtions concerning a plain 
triangle anc, having a right angle at B. 


A: 


___ — 


— —— 


7 Cate obe Proportions. 4 
- "AC 5 os = . | 
63] 1 , | Be |radius: ac: ſine a:Bc [53 
* Wp ac | a | ac: radius :: Bc : Nine a 53 
4 2 * Mo 9 0 . | 

_*| | Be | c | ac :radius:: Bc: colinecſ53 
PRY RG £7" c:radius :: Bc: coſine o 
5 | 3 | pe-| rallies : 1 :: ſine o: as = 
—— e ſine c: aB [53 

| AOTC __ 2 © 7 . 

be wk a0 ſine o: AB:: en : ac|53 
67 aorc| line o: AB:; ſine A : BC 57 
AB | radius: tan. A:: AB: BC [54 

68 6 4A | 4B : radius :: BC : tan. 464 
as Be || © | BC: radius: : AB: tan. C [54] 
8 x AB |, | AB: TAGIUS :: BC : tan. A 64 
| — I fine A: Bc :: radius: ac[53| 


70. Solutions 
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50. Solutions of the four caſes in oblique angled 
plain triangles ABC, having AB greater than acy 
and à perpendicular op. 


| 
Art. Ca Given. 1 
| | | 
ſ 14,n;| ac |1 
ct 1-7 "7 | 
| EN] | 4B | cB | ſine : AB:: fine a: on 51 
72 2 AB, BC,| C IB: line 4A :: AB: fine © 51 
oy A | ac [ſinea: c:: ſine 3: ac 
„e, A, Ac, e [AB TAc: as—ac:: tan. 6 
73 3 1 B f n . 5 
e of a BA: tant. of the dif. 
A, Ac. |2AB : AB TAC 2 AB— 
F 41403 00> 55 
fl 2 Ac: radius:: Ap: Col. a 33 
| oof AB X ac:radius* ;23CTE 
1 * 
rere, BC—E , I: 
| 5 | CB 1 - : fine, + 4, 60 
1 [if x = AB — 4c. 5 
% — — 
N «| - AB, ac, | 1 $ X E£$—BC ! 28— A3 | 
7 jon? A g 5 19 [61] 
8. CB * 28 — AC:: RT: T, T A. 
bow 2 — — — Sd 


Remarks 
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Remarks. 

77. The ſecond caſe is ambiguous, for the angle 

oppoſite to the fide required, may be either obtuſe 

or acute; and muſt be determined by the nature 
of the queſtion to which the caſe is applied. 


| 
, 

b 

78, Although 1 have given ſeven examples in 

| | right angled triangles, (which, by ſome, are called o 
ſeven caſes) ; yet, in reality, there are but four 
eaſes in plain triangles; for all the proportions | © 

uſed in ſolving the four caſes above, are equally ap- | i 

plicable to right angled triangles. = 


| CH A 2: 


CH A rr III. 


| | *\ 
Contains a method of making fines, tangents, 
Ma: 


Theorem 1. 

79. F three arches of a circle an, ABD, aD2; 
have a common difference BD, or Dx, the refangle 
contained by the radius, and ſum of the fines of the 
extremes; will be equal to a refangle contained by 


the fine of the ſecond arch, and twice the cofine of 
the common difference. 


2 


C THET 


Let e be the center of the circle, and join 
CA, CB, CD, CE, EB, and cp will biſect EB et 
right 


[ 28 } 
right angles in r, becauſe the angles zer, res. 
are equal (130 p.): Let fall EO, ru, vi, Br, 
perpendicular to ca, and FM, BN, perpendicular 
tO EG. | 


©: G HL 1A 


Now cb is the radius, pl is the fine of the 
fecond arch aD, CF is the coſine of Bo, or pE, 
the common difference; 2FH or 2MG, is the ſum 
of ec, BI, the ſines of the extremes, fince EN is 
biſected in M (101 p.) and the triangles cor, cFL, 
are evidently equiangular. Therefore o: DI:: 
(er: FH ::) 2CF : 2FH ; but 21H = £6 + Bi, 
as ſhewn above. Therefore cp : pr. i! 2cr : 
EG + Br, and DK EBOT BTS DLX 20 T; 
which was to be demonſtrated. 1 


90. Corollaty. 1 
If the radius be ſuppoſed unity or 1, the laſt ex- 7 
preſſion will become 1 * £G + BI = DL X 2CF3 of | 3 
EG + BI = DL X 2CF, and therefore xd = DL X 
2CF — Bl, in that caſe; which gives the follbw- 
ing rule, to find the fine of the greater extreme arch. 
The 


aff 
2 


oa” 


. So 


. TT 
— 
2 


N. e 

8 
7 N * r . A; 

W_—<S—_O 
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The Rule. 


Multiply the fine of the ſecond arch, by twice the 
coſine of the common difference; from the product 
ſubſtraf? the fine of the leſſer extreme, and the re- 
mainder will be the fine of the greater extreme arch; 
the radius being 1, | | 


Theorem a. 


$1. The ſame things being ſuppoſed as in article 
79; the refiangle contained by the radius, and 
difference between the ſines of the extremes, will be 
equal to a redtangle contained by the fine of the 
commen difference, and twice the coſine of the ſecond 
arch. 

For cp, Eur, are right angles, and the angle 
DCL = ( CFM = ) FEM, Zherefore the triangles 
DCL, FEM, are equiangular, and CD : Er :: (CL : 
EM z:) 2CL : 2M; therefore CD Xx 2EM = EF 
* 2CL, but EN = 2EM, ſince EB is biſefted in v 
(101 p.). Therefore CD Xx EN =EF X 2CL ; laſth, 


— 


EN = EG — BI; bherefore cD X EG — 31 = 
EF Xx 2CL; which was to be demonſtrated. 


82, Corollary. 

When the arch ap is 60*, the line cl. = fine of 
30* = half the chord of 609 = Ab (42. 50) and 
the equation above will become CD X EG = = Er 
X CD; therefore EG — 31 = EF, and EG = EF + 
BI, in that caſe, 


Problem 
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Problem 1. 


83. To find the chord of a very ſmall arch, that 
Hall be a determined part of the circumference of a 
circle, whoſe radius is unity, or 1. 


A E B 


In the ſemicircle aBcp, apply the line AD, 
equal to the radius Als and draw ac biſecting 
the angle BAD. 


Now AD is the ſide of a regular hexagon 
(335 p-.) and the arches pc, op, are equal (148 p.) 
therefore each is + of the compleat circumfe- 
rence, and the line ac is given (220 p); alſo 
by the ſame theorem, a ſeries of biſecting lines 
will be given approaching to the diameter aB, 
and every intercepted arch (Bc) will be a known 
part of the circumference. Having thus deter- 

mined an arch Br, ſufficiently minute for the 
purpoſe, by joining Br, the triangle ABF, is 
right 


W206 
right angled at r (153 p.) and the chord mr 
is given (100 p.). 


Operation, 
No. | AC? | AC | | eh 
BF 

T7 3,0000000000 | 1,7320508075 [4 
2 | 37510508075 193183165283 | T 
3 | 39318516525 | 1,9828897227 2 
4 3.9828897227 | 1,9951178465 | xx 
5 39957178465 1,9989291743 5 6 
6 3, 9989297743 1,9997322757 | res 
7 e 1, 9999330678 rr 
8 9999330678 | Bx* =0,0000669322 | 7557 


And conſequently gr, the chord of Ai part 
of the whole circumference | is 0,00818121, very 
nearly. 

Problem 2. 

84. To find the ſine of one minute, the radius of 

the circle being 1. 


Since the whole circumference of a circle is 
divided into 360 degrees, it will contain 21600 


21600 
minutes (21) and therefore expreſſes the 


768 
number of minutes in the arch br, as determined 
in the preceding problem. 


Again, 


( 32 J 


Again, the chords of very ſmall arches, are 
fo nearly equal to the arches themſelyes, that 
ſuch arches and their chords may be aſſumed 
for proportionals without any material error, as 
will appear by comparing the correſponding ſides 
of ſimilar inſcribed and circumſcribed polygons 
(353 p). Therefore, as pen minutes:0,00818111 
0,00818121X3X768 __ 

2 1600 5 
= 0,000581775, the chord 


its chord :: 2 minutes: 
o,o 18 121768 


10800 


of two minutes; and conſequently its half 4 


o, ooo 290888, is the line of 1 minute, very 
nearly (42). 


Problem 3. 


85. To find the ſquare of the coſine of one nu- 
nute, to the radius 1. 


The fine of one minute is 0,000290888, 
by the preceding problem, and its ſquare is 
0,00000008461,&c,thereforei*—0,00000008 461 
= 0,99999991539, is the ſquare of the coſine 
of one minute (45). Therefore V/, 99999991339 
= o, 9999999577, is the coſine of the ſame, 
and 1,9999999154 is twice the coſine of one 
minute, which was required; put 2c = 


19999999154. 
Problem 


1 1 
Problem 4. 


86. To find the fine correſponding to every minute 
of the quadrant. 


Rule, 

Make the arch of one minute the common diffe- 
rence of three arches continually; and calculate 
the ſine of every minute up to 60 degrees, by ar- 
ticle 80. 


„„ OW. oY 


Thus. 


m m m 
Sine of 1 X2c — fine o = ſine of 2 = 0,00058176 


- - 2X2c —line1t= 3 =0,00087266 

- - 3X2c —ſne2= - 4 =0,00116355 

4 e, — ſine 3 - 5 = 0,00145444 
&c. &c. 

and after the very ſame manner we may proceed 

to the ſine of 60 degrees. 


Remarks. 

87. The firſt arch being indeſinitely ſmall, its ſine 
is o, and the ſine of the ſecond arch is 0,000290888, 
the fine of one minute, in that caſe. | 

88. The ſines being found to 69 degrees, all the 
fines from theuce to 899: 59/, may be found by ad- 
dition only; for the fine of any arch above 609, 1s 
equal to the ſine of an arch as much below 60? + the 
fine of their common difference = - - 82 


Thus the fine of 609 : 1' = fine of 59® * 


of 1 minute, the fine of 70 = ſine of 50 ＋. ſine of 
10% &C. 


J; A. A. a: 265 A. 


D 89. The 


18 


89. The finss to every minute of the quadrant 
| being found, their cofines are alſo found » - 37 


90. The fines and coſines being found, the verſed 
fines, tangents, and ſecants, are likewiſe found, by 


articles 34, 46, 49. 


g1. The numbers thus found are the natural 
fines, tangents, Sc. and their logarithms are called 
the artificial fines, tangents, c. which, with the 
logarithms of numbers, compoſe the lables uſed in the 
practice of trigonometry. 
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E. H A. 


Of LoGARITHM $. 


92. Logarithms are the indices of powers having 
the ſame root. 


Thus 3, a, a=", a, a", a, a3, al, &c. 
are powers of the number repreſented by a, 
and the indices — g, — 2, —1, o, I, 2, 3, 4, &c. 
are the logarithms of thoſe powers to which 
they belong. 


So — 3, — 2, —1, o, 1, 2, 3, 4, &c. are 


logs. of , , , 4%, 41, a, a3, at, &c. re- 
ſpectively. 


92. £41 4 = 10. 


Then —3, —2, —1, o, 1, 2, 3, 4, &c. are 
logof en re ro 1, 10, 100, 1000, 10000, 
& c. reſpectively, of the kind in common uſe; but 
the logarithms of the intermediate numbers muſt 
be found by calculation. 


D 2 94. All 


188 1 


94. All intermediate logarithms conſiſt of one of 
the indices, o, 1, 2, 3, &c, with a decimal fraction 
annexed. 


95. The logarithm of 1 is o, for © = 1. 


96. The logarithms of all numbers greater than 1, 
are poſitive, and of all leſs than 1, are negative. 


97. The ſum of t:vo logarithms, is the logarithm 
of the product of their correſponding numbers, and 
their difference is the logaritbm of the quotient, 


98. Twice the logarithm of a number i the loga- 
rithm of its ſquare, and half is the logarithm of its 
ſquare root. 

99. The logarithms of all powers, are found by 


multiplying the logarithm of the given number, by 
the given index. 


100. The decimal part of all logarithms is paſi- 
tive, and it is the index only that is negative in the 
logarithms of decimal fractions. 


Problem 


1 


Problem 1. 

101. To find the logarithm of a number repre- 
ſented by 1 + *. 
For the logarith m of 1 + x, aſſume the ſeries 
ax + bx*+ cx3 + dx, &c. of indeterminate quan- 
tities only, and the logarithm of 1 + x* will be 
= 2ax + 2bx* ＋ 2006 + 2axt, &c, <= 98 
Again IT. I T 1 T* 1 T2 + Xx. 
Therefore its logarithm may be @ Xx 2x + xx + 
bx axÞ+xx* +$cx2x+xx +d Xx 2x+ xx*, &c. 
according to the firſt aſſumption ; this latter 
being alſo an indeterminate ſeries, which ex- 
panded and Iproperly ordered will be = : =2ax+0+45 
* #* + 4b + 8c X #3 +Þ + 126 + 164X x#, &c. 
Therefore we have 2ax ＋ 26x* + 2cx3, &c. = 
2ax +a + 4b xx* + 4b + 8 Xx3, &c. each ſe- 
ries expreſſing the log. of 1 T 
Tk 20 = 28 - » The= + & 

20 = 8a+45 - <- = b =— 3a 

c = 4b + 8 =» - c=+ 78 
2d = b + 12c+ 164 d 24 4 
&c. &c. - - - &c. &c. 


Th. the log. of 1 BER _ ax == 1 42 + 7 43 — 
ax, &c. 


D 3 Problem 
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Problem 2. 


102. To find the logarithm of the number 
1— x, | 

Let the log of 1 — x =aXx —x TUN + 
EX — #3 + d Xx xt, &c. S 
Then the log. of 1 —x* = 24x —x+2bX 
* + 2c Xx — #3 + 24 x +, &c. by article 98. 


— — 


Again 1 — * S 1 — XX 1X =ZI—2XFx*, 
Therefore the log. of i, may be ax—2x+xx 
+ bX=2x+xx*+cx— Z + dx—2xÞxxt, 
&c. after the manner of the firſt aſſumption. 
Or 2ax —x+ a + 4b * x" + 4b+8c X— x3+ 


b+12c w 164 **, &c. by expanding the ſeries. 
Therefore 24 X — * + 2b Xx* ＋ 2c X— x3 + 


2d Xx X, &c. = 24 X — K + a+ 46 *r LA 
X -* + þ + 12c + 16d x, &c. each ſeries 
expreſſing the log, of 1—x_. 


Th: 24 2 28 - - and a = + 4 
2b = a +46 — - 3 

2 

a 

20 — ab + 8c 3 — _ 4 T7 

2d = b+12c T1644 3 

| 4 

&c. e. e. 0; 


Th. the log. of 1 — x = — ax — 4 ax* — 5 ax3 
4 aN, &c. 
Problem 


. ** a * * * 4 0 - "ah { 
Þ — K ay * „ a 5 3 4 
Y 4: 3 3 ©, * 8 * i * 

5 P 4K 2 | " „ * — 

= * d , — * 
I — A k 0 = 


_ » We . — 
9 S 

f >. : 8 £2 * bs. G7 
* - a % 7 * 

= will mi * 


11 


Problem 3. 
10g. To find the logarithm of a number expreſſed 


by the fraction EYE; 


] — 


Solution. 
Log. of 1+ x=+ax—138%*+4ax3—Jax+,&c.1o01 
Log. of I— r -A — a - -, &c. 102 


9 

1 1+x 
We Log. of 

9 1— 


= =24x+5ax *+30x5+3 ax), &c. 97 


3 He+ TY Tc. X 24. 


Problem 4. 
104. To find the logarithm of a given number 
repreſented by n. 


Solution, 


= #— 1,and* = 7 
Therefore the log. of z=x+3x*+2 x5+4x7, Kc. 


* * 28 — — — — — - 103 


1 4 given number. 


> which was required, 


D 4 Problem 


. „ „ nn te 
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Problem 5. 

105. The legarithm of any number (n) being given, 

it is required to find the logarithm of 1 + 1. 
Put LI 2 * + 1 


1— K n 
Then u t - -, by multiplication, 
Th. 2nx+x 1. 


Th. © of == : 


24 412 I +x 
Therefore x is given, and the logarithm of 


I—x 
or I is given( 103) ; but the log. of Ga + log. 
of n —log. of — n (97) and is 4 given. 


Laſtly, — = * n n ti. Therefore the loga- 


rithm of n + 1 is given, and is found by the 
following 


Rule. 


, and find the number expreſſed 
E zu +1 
by x +4 x* TTA + + x7, &c. x 24, which is 
the logarithm of : TE N — (103). To this 
— 


number add the log. of u, a the ſum will be 
the log. of z+1 ; which was required. 


Put x = 


Problem 
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Problem 6. 
106. To find the logarithm of 2. 
Now according to article 104, 1 == a. 


Th. x = 3, * = +, $3 = N, #85 = 
X , &c. | 


Therefore. 


x = 0,33333333 
x3 = 0,03703704 
x5 = 0,00411523 


o,F 33333333, Kc. 
o, 1234568 
o, 008 2305 


x7 = 0,00045725 
* = 0,00005080 
K 11 


0,00006532 
= 0,00000564. 


* - 4 4 


0,00000 564. = 0,00000051 


x19 = o, ooo Tr 000000005 


„ 


— 


The ſum - -.. = o, 34657358, &c. 
Multiply bß 24 


And the logarithm of 2 = 0,693 14716 x * 4 


by article 104. 


Problem 


1 5 


Problem 5. 


107. Having the logarithm of 2, it is required 1 
from thence to find the logarithm of 3. ” 


Now by article 105, we have n = 2, and 
* = +. Oren 


Therefore, 
x = ©,20000000 3 = ©0,20000000, &c. 
x3 = 0,00800000 : = 0,00266665 
x5 50,00032000 q + = 0,00006400 
x7=0,00001280 | + = 0;00000183 
x9 = 0,00000051 | 4 = 0,00000006 


— — 


The ſum - - = 0,20273255 
Multiply by - = - 20 


The logarithm of 4 = 0,40546510x4 
The logarithm of 2 = , 693147 16ũ 4 


The logarithm of 3 = 1,09861226xa; 
By article 105, 


Problem 


7 1 43 J 
; 2 Problem 8. 
N 1 108, To find the logarithm of 4, ſrom the logs 


run of 2, already found = - 106 


© Now the logarithm of 2 - = 0,693 149168 
( Nialeph . 8 ds-hn 


; And the logarithm of 4 - = 1,386294324 


y article oe %%% DOES. _ 


| : Problem g. 
1 og. To find the logarithm of 5, from the loga- 
8 rithm of 4, found above. 


Nos by article 105, 1 = 4, and x = x, 
Th. x* = T5 r * £3 = &3 alt &c. 


Theref ore, 


> + 2 


* = , IIIIIIII | + = , IIIIIIII, &c, 
K = , 00137176 + = , 0045725 
x5 S 0,00001093 + = 0,00000339 
| x7 S 0,00000021 | + = 0,00000003 


5 
3 
[| 


Sum . O, 11157178 
= Multiply by * 8 24 


r * 


1 Product is the log. of 4 = 0, 22314356 
Add the logarithm of 4 = 1,3862943 22 


„» 
2 


The ſum is the log, of 5 1,6094378 8a 
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Problem 10. 


110. To find the logarithm of 6, from thoſe 7 4] 1 
and 3, already found. 


Now the log. of 2 - = 0,693147 16% 1 


And the log. of 3 2 2 9361226, ; 
WY 2% 


"= 


Th. the log. of 6 12791759410 b 
By article * > 1 8 0 97 9 


Problem 11. 
111. To find the logarithm of 7, from the %. 4 


1 

rithm of 6, found above. | . 

Here 2 = 6, and x = +7, by article 105, 4 1 

Therefore, F 

* = 0,07692307 | + £0,07692307, &. 
* = 0,00045516 | + — 0,00015172 = 
* — 0,00000269 1 = 0,00000054 2 
x7 — O5 00000001 + = 0,00000000 4 j 

The tum + O il 

Multiply bß = 24 þ 

The log. of ? = 0,1541 50663 . 


Problem 


* * * _ 
- 1 
I 4 ALIENS <> Y 
* 4 = » . 
= 4 Fa « = 
\ 8 % 
-” = 8 
Ca 7 . 
4 


A SR i} 
81 $5 42: IS; 
* ee 22 
C 5 5 2 
2 A * . 4 89 
"os — * * - J Z 
* Ws . B " 0 5 
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r Problem 12. 

f 2 ; | F 112. To find the logarithm of 8, from thoſe of 
1 4 and 2, by article 97. 

9 Now the log. of 4 


8 


- S1, 386294324 
And the log. of 2 + ' - = 0,693147164 
3 Th. the log. of 8 - - = 2, 59441484 | 


Problem 13. 

113. 7 o find the logarithm of 9, from that of 3, 
84: Ey article 98. 

7 The log. of 3 - = 098612262 

Multiplied by - = - 2 


= Gives the log. of 9 - = 2,19722452@ 


Problem 1 4. 
114. To find the logarithm of 10, from thoſe of 
3 and 2, by article 95. 


A Here the log. of g * = 1,609437884 
1 7 And the log. of 2 - 80, 69314716 


75. the log. of ro - = 2,30258 5046 


Problem 


Briggs. 


1 


Problem 15. 


11k. To find the logarithms in common uſe, fron | 1 $ 4 
thoſe before inveſtigated. 3 


. . 3F 5 7 
Now the logarithm of 10, is univerſally ex- E 


preſſed by 2,302 58504 Xx 4 - - I 14 
And the logarithm of 10 by the common tables, 'F 
or by article 93 1s I, J 


Theretore 2,302 58504 X a=1; by the problem. 


, | 
Therefore 42 2 — — 2 0 20, &c. 
236250904 53499» 


which is the multiplicator for reducing the loga- 


rithms of the kind before inveſtigated, to others 2 
of the common ſort. A 


Remarks. 


116. Since the number (a) may be taken at pleaſure, 4 
there may be an infinite variety of logarithms and 1 4 
when a is unity or 1, they will be the ſame as were 4 
firſt of all publiſhed by Lord Neper, but the logarithms 
in common uſe are ſaid to be an improvement by Mr. 


LC 7 1 


171. By taking a=1, we have already found Neper*s 
Þ logarithms of the firſt ten numbers, and multiplying 


[i 5 each of them by 0,443429,&c. the products which ariſe 


as in the table below. 


: 5 will be the correſponding logarithms in Briggs's form, 


aer IU uBo| 


0 


poyn quo aq Avi! = 


7? 


JJ[oy a 911 fouuem aw? 


{ 241 , puy 


— 
O 


ö 
ö 


0,003147 
O, 98612 
15386294 
1,6609438 


— | — 8 : : 
Numbers. | Nepers's log. | Briggs's log.] 
p — — — . — — —_— — ——— 
I O, OoooO 0,000000 


| 0,301030 
| 0,477121 | 
O, 602060 


0, 698970 


1 


| 3 — — ———² 0, a 


© © wn Ga N WW ea 


1791759 
1,945910 


„78131 


9, 845098 
0,903090 
0,954242 | 


1, 000000 


118. The 


( 48 } 


118. The decimal part of every logarithm be- ö 


longs equally to a whole number, a mixt number, 


and a decimal fraftion that are expreſſed by the © 


fame figures in the ſame order; but the index 


ion. 


Thus if a number is expreſſed by 7854, then | 
according to its value, we ſhall give its decimal 


part, and compleat logarithm, in the feliowing 
table. | 


From hence it will be eaſy to find the loga - 
rithm of a given number, and the number cor- 


— — c__— —_ 


POR, | Decim. part. | Compleat log. | 
7854 0,895091 3.898091 
55, 1 0,8gg0gr 2,93% | 

78,54 0,895091 | 1,895091 | 

[- JOE | 7 ONIONS 3 GTnenge- | 
| 027854 | 0,895091 | 1,895091 

0,078 54. 0, 895091 2, 895091 

| &c. | &c. | &c. | 


reſponding to a given log, by the tables. 


< 
8 8 
G 2 
* 
&Y 
8 
H | 45 
1 * 


will vary according to the value of the expreſ- 


f 1 
j 7 4 
| 4 


. 


20 


C HA P. IV. 
Containing the Practice of plain Trigonometry. 


119. If any three parts of a plain triangle be 
given, any required part may be found, both by 
conſtruckion and calculation. 


120. If two anyles of a plain triangle are known 
in degrees, minutes, Sc the third angle is found 
by ſukſtradting their ſum from 180 degrees. 26 


121. In o right angled plain triangle, if either 
acute angle (in wegrees) be token from go degrees, 
the remainder will expreſs the other acute an- 
J%%%%%%%0 MP 

122. When the ſine of an obtuſe angle is re- 
quired, ſubſiraf juch obtuſe angle from 180 degrees, 
and take the fine of the remainder, or ſupple- 
ment - - - - - 29, 38 


12 123. F. 


I 50 J 


123. F two ſider of a triangle are equal, a line 
Biſecting the contained angle will be perpendicular 
to the remaining fide, and divide it equally 62 þ 


124. Before the required ſide of a triangle can be 
found by calculation, its oppoſite angle muſt firſt be 
given, or found, 


125. The required part of a triangle muſt be 
the lat term of ſour proportionals written in 
erder under one another ; whereof the three firſt are 
given, or known. 


126. If the logarithm of a given number (n) 
be taken from the log. of 1 with a borrowed index 


(x). The remainder is called its complement ; 
and is only the log of - with an artificial index. 
For the log. of 1—lop. of n = x, 000000 — log. 
of n = log. of - 8 2 8 

127. The complement of any logarithm, ſine, 


er tangent in the common tables, is its diffe- 
rence from the radius 10,000000, or its double 


20,000000. 


128. In 


2 


* 
e 


1 
* * 
Fay 
* 
— 
*; 
; ” 
* 
Ar 
* 
* 
{6 
** 
. 
0 2 
* 
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N 
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128. In four proportional quantities, eitber of 
them may be made the laſt term; thus let a, ;, c, 5 
be proportional quantities, Then : 

1. As firſt to ſecond, ſoisthird to fourth A: B:: c:D 

2. As ſecond tofirſt, ſo is fourth to third 3: A:: v: c 

3. As tbirdto fourth, ſoisfirſtio ſecond : :: A: B 

4. As fourthto third, ſo is ſecond to firſt v: o:: 8:4 

Becauſe proportion is an equality of ratios 160 9 

129. Againſt the three firſt terms of every proportion 
(or ſtating), muſt be written their reſpective values, 
taken from the proper tables. 


120. If the value of the firſt term be taken 
from the ſum of the ſecond and third, the remainder 
will be the value of the fourth term or thing 
required; becauſe 1124 addition and ſubſtraction of loga- 
rithms, correſponds with the multiplication and 
diviſion of natural numbers, - - 97 


131. If to the complement of the firſl value be 
added, the ſecond and third values; the ſum (rejefing 
the borrowed index) will be the tabular number, ex- 
preſſing the thing required, 

N. B. This method is generally practiced when the 
radius falls not among the proportionals. 
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Problem 1. : 


132. At a given point a, with the Ardit line AB, 
to make au angle that ſhall contain a given number. 
of degrees, ſuppoſing 33? : 280. 


e 


B 4 

Conſtruction by the plain ſcale. 8 

Take the chord of ſixty degrees by the com- 
paſſes, and with that extent about the center a, { 
deſcribe a circle meeting aB in c; again, with 6 
the chord of the given number of degrees 1 


33*: 287, about the center e, deſcribe an arch 
cutting the former in p, and draw ADE. 

For the chord of 60“ is equal to the radius. 50 
Th. the circle deſcribed is equal to the circle 


divided — - - - 55 p 
Alſo the chord of cp js equal to the chord of 
$8” 2-25 - 1 - con. 
Th. cp is equal to an arch of 339: 28“. 151 p 


Th. BAk contains - 33* : 28, 24 


Problem 


C 1 1 
Problem 2. 


133. To ere a perpendicular to a given rait 
line AB, at a given point c therein, 


* - - - * < — 44 Q 
ba hs £ 0 EOS * 

. . L e 4, = 
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Conſtruction. 

In the line as, take the equal parts cp, cx, 
of any magnitude; about the points p and E as 
centers, with an extent of the compaſſes greater 
than dc or cx, deſcribe arches cutting each other 
in F, and draw CF, 

Then or will be perpendicular to ay, 298 p 


Otherwiſe. 


At the point c, with the line as, make the 
angle Acr, or ger to contain go degrees, (by 
the proceeding problem) and the thing is done, 
for each will be a right angle - "RR | 


E 3 Problem 


I 


GGR 


pendicular required 


= — * > b — < 
- _ — — — — ꝗ — —— * — 9— — —— - — — — 
- 
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Problem 3. 


134. From a given point a, to let fall a perpen- 
dicular upon an infinite ſtrait line xc. 


A 


Conſtruction, 


About the center a, deſcribe a circle cut- 
ting the given line in Þ and x, and about the 
centers o and x, with the ſame radius, deſcribe 
arches cutting each other in r, then lay a ruler 
to the pointsa, F, and draw A o, the per- 


X 


F 


Problem 


A 
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Problem 4. 
„ In the triangle anc is given a right angle 


'v 


O 


Draw as at pleafure, make the angle a to 
contain 42® : 45 by article 132, upon AC lay 
26 _ parts, and let fall the perpendicular 


ce n, by article 1343 then anc will repreſent the 
triangle. | 

£ Angle s = go? : oo, 

>.» = 43 2.48 
, 47-11 

Proportion for as. art. 53. 
As the radius - 10,000000 
3 5 To the hypoth. ac = 765 = log. 1,880813 
So is the ſine of c = 477: 13 9,865887 
* To the baſe az = 55,81 . 1,746700 
| 8. Proportion for Bc art. 53. 

As the radius - - — 10,000000 


33 To the hypoth. ac = 96 - log. 1,8 80813 
Jo is the ſine 4A = 42:45 9.831742 


7 The perpend. Be = 51, 59 = 1712555 
14 Problem 
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Problem 5. 
136. In the triangle anc, is given a right angle at 


B, the angle a 39*: 56', and the fide ap 547 meaſures 
of any kind; to find ac and Bc in ihe ſame. 


C 


Draw as, and make it of 547 equal parts, 
erect Bc perpendicular to as, make the angle 4 
of 39% : 56'; and meaſure ac, Bc, by the line 
of equal parts. 

Angle B = o: oo, 
«+4 = 20. © 459 


- „ $0.04 | 
Proportion for ac. art. 53. 


As the ſine of e = 509 : 04 comp. o, 11332232 
2,737987 


To A „ I + 


So is radius - - I9,009000 | 
Toac - - =7134 2283331 
Proportion for zc. art. 34. 

As radius — - - 10,000000 _Þ 
To the tan, of a = 39“: 56 9,2787 
So is AB = 3 - 2,7379877 


ro e 245% 2285224 
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Problem 6. 
137. In the triangle 4 BC, is given a right 


angle at B, the baſe an 5637, and the bypotbenuſe 
ac 6828 z 40 find the angles a and c. 


Draw as, and make it 5637 equal parts, ere& 
the perpendicular Bc, about the center a, with a 
radius of 6828 equal parts, deſcribe a circle cut- 
ting Bc in c, draw ac, and meaſure the angles 
by a line of chords, as in article 132. 


Proportion for the angle a. art. 53. 
As ac — - = 6828 3,334294 
To radius 8 - 10.000000 
563 _ 3751048 


To the coſine of a = 349%: 21 9,946754 


Proportion for the angle c. art, 53» 
As Ac - - = 6828 3,3 34294 
To radius - - - 10,000008 
So is AB - — = 5637 3751040 
To the fine of c - = 55˙: 39 979 6754 


Problem 


pr CO 6 


— - 
22 * 


* 
* & ws. bad 9 — , * 4 * 
wide. IE Cue = 


: 3 
ww — 9 — 


| * 

K 
' 
k 


58 1 


Problem 7. 
128. 1s the triangle anc, is given a right angle 
at , the baſe AB 547,6, and the perpendicular 
456,7 ; to find the angles a and c. 


C 


A In 


Draw as, and make it 547, 6; erect Bc at 
right angles at as, and make it 436, 7; draw Ac; 
and meaſure the angle a and c, by a line of 
chords. | 


Proportion for the angle 4. art. 34. 
As AB - - = 547,6 2,738463 
To radius - - - 10, 00000 
So is BC - * 480? 2,059630 


To the tangent of a = 39: 50% 9,921167 


Proportion for the angle c art. 54. 
As BC - - = 456,7 2, 659630 
To radius 10,000000 
0 1845 - <- - :-3-$4%,6 2,738463 


To the tangent of © = ;0*: 10 10,078833 
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Problem 8. 


139. In the trangle anc is given, the baſe as 


A * 


9 7854 feet, the angle a 30: 36, and the angle 
Es 52* :28 3 to find the des ac and Bc. 


Draw AB and make it equal to 7854 equal 


parts, make the angle Bac of 30 36, the 
angle azc of 52%: 28'; and meaſure Ac, CB 
by the line of equal parts. 


Angle a = 309: 36 
- - B=. $52 : 26 
— — 
Sum = B83 : 04 
Sub. fr. 180 : o 
Angle c = 96 56 
x Proportion for ac art. 52, 
As the ſine of c = 96*: 56 comp. o, oo3188 
= To the fide aB = 78 54 ® 3,5895091 
So is the fine of 3 = 52? :28 927899273 
XZ To the fide a c = 6274 - = 34797552 
7 Proportion for Bc art. 52. 
As the fine of o = 96: 56! comp. o, oog 188 
© To the ſide A8 = 7834 = 35895091 
So is the ſine of a 30: 36 2 9+700753 
To the ſide 3e = 4028 - 3005032 
| Problem 


A 30%: 30, to find the fide ac when the angle e ; 


7s acute. 
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Problem 9g. 


140. In the triangle anc is given, the id 
AB 7855, the fide Bc 4976, 


and the angle 


Make the baſe AB 7855 equal parts, and the 


angle Bac 30® : 36'\, about the center 3, with a a 


radius of 4976 equal parts deſcribe the arch 
t c, and draw Be. 


Proportion for the angle acs. art. 52. 
As the fide Bc = 4970 comp. 6,303120 z 
Tothe ſine of a = 30“: 36 9, 706753 
So is the ſide aB = 7855 = = = 9395140 
To the ſine of © = 53: 28 = - 9905019 | 
Angle a + ce = 30®: 36'+53' - 28'=84 : ot 
Subſtract from - - 180 : o 
Remains the angle B - - =095: =| 

Proportion for the fide ac art. 52. 

As the line of a = 30: 36 comp, 9898335 5 
To the fide nc = 4976 - - e 3, 696880 
Soistheſineofs = 95 : 56 = «» 9.997667 
To the fide ac = 97 . 2.987794 
Pro- 


3 5 
Problem 10. 
In the triangle ABC is given the fide 


the fide Bc 4976, and the angle a 30? : 
fide ac when the angle © is 


AB 7855» 
306, to find the 
> Lack 
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A B 


Make the baſe as 9855 equal parts, and 
the angle rac 20: 36', about the center B with 


c c, and draw Bc, 

* Proportion for the angle acs. 

As the ſie Bc 4276 comp. 6,303120 
| 3 To the ſine of 4 309 8 36. . 9,700753 


= Sois the ſide AB 


[IL 


3895146 


TE; 7356 - ww 

19 To the ſineofe = 1269: 22, -- 9.905019 
04 Angle a+c = 20% : 36'+ 126: 32/ = 157“: 080% 
oo Subſtract from 180 : 00 


Remains the Angle - - = 22 : 52 


As the ſine of a 
To the fide sc 


880 = 4976 3696880 

667 5 So is the ſine of 3 = 22:32 9,3389489 

794 ; % To the fide ac = 3798, 3579616 
? Pro- 


— _— . 
_— —— 


09:26 


Proportion for the ſide ac. 


comp. 0,293247 
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Problem 11. 


a 


142. In the triangle anc is given, the ba oe 12 


785, the fide ac 627, and the contained angl. 


A 30“: 36; 1% find the angles B and C, and th 


fide RC. 


A — 


Make the angle pac to contain 30: 36', the L 


ſides AB, ac of 785 and 627 equal parts reſpec- 
tively, and draw cs, 


AB = 785 All the angles = 180*: oo Z 
AC: = B29 The angle a = 30: 36 
Sum = 1412 Angle B-þc = 149: 24 1 
Diff. = 158 Half B+c = 74 : 4 


Proportions for the difference between either 


unknown angle and their half ſum art. 36. 


As the ſum of as, ac= 14172 comp. 6, 8 50164 


To tang. of the diff. = 22: 15 9,6117340 1 
Hence the angle = 96: 57 = 
And the angle B = 82: 27 

Proportion for Bc. art. 32. 


As the ſine of B S 52“: 27 comp. o, 1008 25 


Toac - - - = 627 - - 2,797208 


So is the fine of a =20: 36 9, 706753 


—ʒ— — 


To 6e 240, 28, 604840 
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To the diff. of an, ac= 158 - 2,198657 
So tan. of zthe angles 74%: 42 10,592933 8 
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To the tangent of - 22 : 15 


Th. the angle c — 96 : 57 
And the angle B = 52 : 27, 
determined. 


[091] 


143. Let the plain triangle anc, have the baſe 


4 Again. 
y 
7 


Solution by article 57. 


As the leſſer fide ac = 627 

Io the greater fide as = 785 = 

80 is radius — 5 K 
75 


4 To tan. of an angle = 51: 23 
7 From which ſubſtract 45 : oo 


— — — 


There remains an ang. = 6 : 23 


All the ang. = 180: oo 
Anglea - = 30: 36 
STC 14924 
b Half - . = 94: 42 
As the tangent of 43 O0 


To the tangent of - 6 : 23 
So is the tangent of - 74 : 42 


1 AB = 758, fide Ac = 627, and the angle a 
T7 — 302 : 367; to find the angles x and o. 


2,797268 


2, 894869 
10, 000000 


— —äjEüU ä 


10, 9 50 


10,000000 
9,048727 


| 10,562933 


9,61 1660 
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as before 


Problem 


IF >] 


7 1 Problem 12. 7 © 
bl | 143. In the triangle apc is given, the baſe an 
1 1 
. 583, the ſide ac 627, and ihe fide BC 403; 10 
1 find either of the angles; ſuppoſe it A, | 

| i 

1 B 


Make the line as of 785 equal parts, on the 
centers a and B, with the diſtances of 627 and 
403 equal parts reſpectively; deſcribe circles in- 
terſecting at e, and draw ac, CB. 

Firſt method. 2 

Let fall the perpendicular cp, and let x be the 
middie point of the baſe as, | 

Proportion for Ep. art. 538, 
As twice z = 1570 comp. 6, 8041) 
To ſum of Ac, cB = 1000 — 3, 012837 
So diff. of Ac, cB = 224 2, 330238 


146,9 2,1671990 


To the part ED = 
41 — 39235 © 

ED —= 146,9 8 

AD — 52974 "PAR A by 

DB — 24540 1 i 

Proportion for the angle a» art. 3. 

As Ac - = 627 comp. 7, 202732 
To radius - - — 1 0,000000 # 
So is AD - — 539,4 — 2,731911 
22485 


To the coſine of a 30: 39 


Problem 
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144. Second method of finding the angle Az by 
theorem 6, article 60. 


AB © = 785, Bc = 403 
- = 62 27. diff. = 158 
dif, = =— 158, ſum = 561, its half is 280,5 
Rem. = 245, its half is 122,5 
"| ; comp. 7, 105131 
AC: 627 — comp. 7, 202732 
Half ſum — 280, 3 - log. 2,447932 
Half rem. = 122,5 - log. 2,088136 


Sum of the four logarithms = 18, 843931 


Half is the fine of 15% : 19“: 14” == 9,421965 


Th. the angle a is 30 38: 28, which was re- 
quired. | 
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145. Third Method of finding the angle a, by 
theorem 7, article 61. 


Fs 


403 
795 
AC w»: 08 627 


PB 


oy 


%s. - 0 
e. 
i 
1 
1! 


— — — 


1815 


N 
8 
2 
' 
[| 


Half ſum = 907,5 - comp. 7,042153 
1ſt exceſs = 504, 5 - comp. 7,297139 


2d exceſs 


122,5 - log. 2,088136 
3d excels = 280,5 log. 2.447932 


Sum cf the four logarithms < . = 18,875360 


Half is the tang, of 159: 19': 14 = 94437680 
Th. the angle a is 30: 38: 28, as before de- 
termined 
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CHA N. 
Of meaſuring Heights and Diſtances, 


Problem 1. 
146. To find the height of an acceſſible object, 
AB, that is perpendicular to the plain of the 


Horizon. 
A 2 


8 C 


Meaſure the ſhadow of the object as, and the 
| ſhadow of a given ſtaff c p, erected perpendi- 
cular to the horizon, both terminating at x, and 
make the following proportion - 193 p 
As the ſhadow of the ſtaff xc. 
| To the height of the ſtaff op. 

So is the ſhadow of the object EA. 
0 the height of the object as. 
F 2 Second 


—— — — - wu 


191 
M Second method. 
| 1 147. Of meaſuring the height of an acceſſible 


object pc, that is perpendicular 10 the horixon. 


E 


- "twat. 


Chuſe any convenient ſtation a, take the 
angle of elevation Bac, meaſure the horizontal 
diſtance AB, and make the following propor- 


tion - _ — 54 


As radius 
To the tangent of elevation Bac. 


So is the horizontal diſtance as, 
To the height above the eye Bc. 
Problem 


* 
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Problem 2. 
meaſure the height of an inacceſſible 


ey 


— 


Let A be a perpendicular to the plain of the 
horizon, and cpa be a ſtrait line in the ſame; 
at the ſtations © and p take the angles of 
elevation Bca, BDA, and meaſure the baſe cd. 


Then to find ps. - 861. 
As the ſine of cv. 
To - - CD: 
So is the ſine of Bop. 
To... 


Secondly, to find as: - 53: 
As radius, 
5 
So is the ſine of BDA. 
TH: 6s > AS! 


F 3 Problem. 
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J 

Problem 3. 3 

149. To find the height of an inacceſſible objett, : 
by means of three ſtations. F 


- 2 
* * . 


At the ſtations 4, B, c, in a ſtrait line, 


obſerve the angles of elevation, and let their 


natural cotangents be x, y, z, make ap to p 
as & toy, and BE to EC as ytoZ (305 p); take 
DF = DB, EG=EB, find DH a fourth proportional 
to AF,FD, AD, and E1 a fourth proportional to co, 
GE, CE ; about the centers n and 1, at the diſ- 
tances HD, IE deſcribe circles interſecting at 5 
join BL, draw LM perpendicular to pL, make 
the angle LBM equal to the obſerved angle at , 


and 
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and meaſure LM the eheight required. The method 
of conſtruction ariſes gon - 219, 319p 


F n — 950 
5 
as 
, 
TOES .' 


Method of. calculation, 4 
1, Make x Y: x:: an: 181 BC 
: CE; and AD, CE will be found.. 176p 
2. Make AF : FD :: AD : DH; c: GE :: 
CE : EI; and the ſemidiameters HL, IL Will be 
fan” oy et As - 219 p 
3. In the triangle IHL, the three ſides are 
known; and therefore the angle LIH will be 
known. - „ - 60,61 
4. In the ale BL, the ſides 18, 1t, and 
the angle L1s are known; therefore the ſide Br, 


will be known = — - 56, 51 


Laſtly, In the triangle LM, the diſtance Bl 
is known, BLM is a right angle, and LBM is 
the angle of elevation at B; therefore LM is 
known, (54); which was required, Lb 


F 4 Problem 


(9921 
Problem 3. 


150. Caſe 2. when the ſtation lines form 4 
given angle ARC. 


A 1 © 
Suppoſe a, B, e the ſtations, and x, », 2, the 


natural cotangents of the angles of elevation 
of the object. 


bry 
A 


Make ap : DB:: «“ : y; BF 932 
(305 p), take DE= Ds, FG =BF, produce AB, CB, 
make AB: ED :: AD ©: DH, co: of :: CF 
: F1, about the centers ; and 1, deſcribe the circles 
DK L, FML; draw BL, and LN perpendicular to 


B Ly 


CO = 
=” 
* 1 
"2 ' 


s & 
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E 1 * 


The conſtruction ariſes fi from 2 19 p. 


- 


Method of eile inn. 
1. „ T5 : „ :: AB: DB, and y + 2 


„ :: Bc: BF; whence DB, BF, are 
2 given. * 176 p 

2. AE! BD :: AD: DH, and co: or 
: CF : vi; therefore pn, ri are given. 219 p 


= 3. In the triangle BHI are given, BH, BI, 
= and the angle 13 H; therefore the angle BI, 
and the ſide 1H, are given. — 56, 51 


4. In the triangle 1 1, the three ſides 
are given, and therefore the angle 11. is 


given . - - 60, 61 


Y In the triangle 3 1 are given, the ſides 
1 BI, IL, and the angle B1L ; therefore the diſtance 
vu is given , : 56, 51 


Laſt ly, 
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©". Laſt, In the triangle BLN, is given 4 
right angle at 1, the angle of elevation at s, 
and the baſe 581. Therefore LN is given (54); 
which was required. 
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7 Problem 4. 

5 ; 51. To" find the diſtance of an ' inacceſſible 
1 1 des A. | 


S 
= *. — 
— 


N 


5 A From a convenient place at B, trace the line 
rc at right angles to na, of any convenient 
hs continue Bc, make cp equal to Bc, 
trace vx, at right angles to By, till c is a 
S $ ſtrait line, and meaſure px. 

* For if the lines are in the ſame plain, DE is 
=» equal to 34. 1 - - 77. 
eddeteise 

At the ſtations B and x, obſerve the angles 
© BEA, EBA, and meaſure the baſe BE. 

"M Then fot na. GI 
As the fine of Bax. 

5 5 1 To - » xk. 

So is the ſine of BBA. 

o - 3a; 


Problem 
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P roblem 5. N | 5 
152. 7 find the diſtance between % mide. 
eff ble objefts a and B. 


At two convenient ſtations c and p, obſerve 
the angles A, aDB, DCB, BCA, and meaſure 
the baſe cv. | 


Method of calculation. 


and all the angles; whence ca is given . - ;: 
2. In the triangle cos are given, the baſe cp, 
and all the angles; whence cs is given 51 
3. In the triangle ABC are given, the ſides AC, | 
CB, and the contained angle ACB; whence the 
angles BAC, CBA, are given - 5b 


Laſtly, In the ſame triangle azc' are given, 
the ſides Ac, cB, and all the angles, and conſe- 2 
quently as will be determined + - 517 


Problem 


18 


Problem 6. 


153. Having the diſtance of two objefts a and 
B, with the angles obſerved at the ſtations o and o; 
it is required to find the diſtance between the 


ftations © and p. 


Conſtruction. 


Upon as deſcribe ſegments of circles (by 
315 Þ) that will contain the given angles acs, 
ADB, make the angle ABE = apc, draw AE, 
upon AE deſcribe a ſegment of a circle arce, 
that will contain the ſupplement of the angle 
ACD, Cutting the circle Ac; in c, draw tcp, 
and the thing is evidently done, 


Otherwiſe. 


WH 


Otherwiſe. 


Aſſume cd for the line of ſtations, make the 
angles cda, adb, dcb, bea, of the given mag- 
nitude, join ab and continue it to g, make 
AB equal to the given diſtance, produce Ac, 
ad to c and ep, and draw BD, DC parallel to 
bd, dc. | 


Method of calculation. 


1. In the triangle cda are given all the 
— angles, and by taking dd at pleaſure (ſuppoſe 
1000) we may find ca = — 51 


2. In the triangle cab are given, all the 
angles, and the ſide cd, whence ch is given. 51 


| 3. 1n 


1 


ht od 
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3. In the triangle abc are given, the ſides ac, 
es, and the contained angle ach, whence the 


angles bac, ch are given - - 56 


4. In the ſame triangle abc are given, the 
3 fides Ac, ch, and all the angles, whence 453 is 
3 ; py given 12 0 M 51 
= Laſtly, The figures Abdc, anpc, are ſimilar 
by conſtruction, therefore ab : as :: cd: cp, 


1 g and conſequently cp is determined. 165 P 
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ſphere. 


B O O K II. 
Of SPHERICAL, TRIOONOMET Rx. 


& 


CHA 


Contains the firſk Principles, in relation to 
Spherical Triangles. 


154. A ſphere or globe is a ſolid perfeftly 
round, in which all ſtrait lines drawn from the center 
to the ſuperficies are equal. 


155 Great circles of the ſphere, are thoſe 
whoſe Plains paſs through the center of tbat 


Hence, the center of a ſphere is the common center 
of all its great circles, and they are conſequently E 
equal, - - - - - 55P 

156. Small 


1 61 1 


156. Small circles, or leſſer circles of the ſphere, 
ure "hoſe whoſe plain paſs teh wt ” center $4 
that ſphere. 

157. The pole of any circle * the FAY 
that point in the ſuperficies from which all;ftrait 
lines drawn to the circumſerence of the circle are 
equal to one another, 


A 


2 5 8. 4 ſpherical apts 4 is that inade 1 the 


ſuperficies of a ſphere, by two arches of great 
circles that meet each other. 


159. A ſpherical triangle is a figure made on 
the ſuperficies of a ſphere, * thre arches 7 great 
circle. | 

160. Spherical trigonometry is the art of fd. 
ing the required parts (fides or angles) of a ſphe-- 
rical triangle, from other parts already known 
er given. 

Axioms. 

161. A ſpherical angle is the ſame with the 
angle made by tangents to the arches at the Point 
of contaft or interſeftion, and is conſequently equal 
to the inclination of the plains of thoſe circles 


forming it; becauſe the angle made by the tangents 
is the inclination of the plains (231 p). 
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: "i, One arch of a great circle meeting another, 
makes with it two angles, which, taken together, are 


163. One great cirtle cutting ahothir, makes the 
"oppoſite angles equal to each otber. 
164. A great circle may be dſeribed, that 1 
cut another great eircle in a den angle, at a a given 


point in the ſame. . 
* N e 8 yl 


165: Spherical triangles tbat have two fides 
of - the one equal to two | fides: of the other eath 
to each, and the contained angles equal; - have 
Aketwiſe their remaining parts equal to one another 
each to each, namely, the parts a" to equal 
things. 


L - 4 1 


g* 
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Thearem! g. 
166. Emery Jeftien. of a ſphere made E 4 plain 


will be a circle. 


Let a 1 cut the ſuperficies of a ſphere thro? 


the points 4, B, c, o; then the ſection A Bob 
is a circle. 8 

I the plain paſſes theo x the center of a 
ſphere, the ſection is evidently a circle; and 
if otherwiſe, let xy be drawn perpendicular 
to the rg of the ee and join ar. FB, 
ef 725 


% 


5 Ar, EFB are . angles 470 3 Z 
cheery r = EB: + FASEB? = EF? + FB* 
Hop but :z.4 and z ate equal (1 540 therefore 
Fat FR, and AF, FB are equal; for the ſame 
reaſon, all ſtrait lines drawn from the point F 
to the circumference of the ſeftion, are equal 


to one another, and conſequently aBcD is a 
circle, - - - - - 30 p. 


8 Theorem 


1 841] 


| Theorem 2. 
167. Great circles biſeft one anothi . 


Let che great circles ac, ayc cut each 
other in 4 and c; then anc, arc are femi- 


N. 


For the trait line ac is the common ſee- 


tion of their plains (249 p), therefore ac 
will paſs thro' (z) the common center of 


the circles, and the ſphere (155). Therefore 
Ac is a diameter of each circle, and conſequently 
Ac, APC are ſemicircles. = - 38 p- 


Theorem 
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Theorem 3. 
168. The arch of a great circle intercepted be- 
teen the pole and circumference of any other" great 
eircle, is a quadrant. See the figure of article 167. 


ZT RE CCRT. LCC CS 


Let Age be a great circle, whoſe pole i$ 
y, and let the arch ya of another great circle be 
deſcribed ; then the arch ya is a quadrant. 


For continue the circle ay to c, let ac 
be the common ſection of the great circles (which 
will paſs thro” z the center of the ſphere by 155), 
and join AP, PE, PC. 


T 3: 52 240 3 da 


Now EA, AP, PE = EC, CP, PE each to each, 
by what preceeds; therefore the angles AEp, 
PEC are equal (66 p), and the arches ae, ec are 
equal (148 p). Again, Ac is a ſtrait line (249 p), 
therefore apc is a ſemicircle, and conſequently 
the arch rA is a quadrant, = - 38 


e ve 
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Theorem 4. 
15g. if treo" quadrants eB, c. be fawn fron 
any point v, es tbe fuperficies of a ſpbere; th if 


point v will be. the: pole. of à great Fircle avon, 
Pali ing * their extremities, 


21 og to; r -; 4! qo. 4. 1 


Let n be, the center of the ſphere, and join 
yz, PA, PB, pe; Ea, EB, LC, 

_ Becauſe the arches PB, pc are quadrants 
the angles PEB, PEC are right angles (22) 
therefore b is pe: pendicular to the plain 0 
the circle avep (250 p), therefore pea is aff 
right angle (228 p), therefore PA, pB, pc, &c. art 
equal, and p is the pole of ABC (157). 


Theorem 


ſame circle. 


. 


Theorem 5. 


170. A trait line joining the pole and center of 
any circle, will be perpendicular to the plain of abe 


41 


Let ABCD be apy circle of the ſphere, whoſe 
pole is r and center is x, and join yz ; then the 
ſtrait line E is peypendicular to the plain of the 
circle ABCD. eee 

Draw ac a diameter of the circle, and join 
IB, PA, PB, PC. 8 

Now EA, EB, EC are equal; rA, PB, PC are 


equal (157), and PE is common; therefore the 
angles pzA, PEB, pre are equal; therefore 


pa, PEC are right angles (4), and conſe- 


quently PEB is a right angle; therefore ea js 


perpendicular to the plain aucp (250 p). 


Corollary, 


171. The poles and centers of all parallel circles, 
are in the ſame diameter of the ſphere, = 256p. 


G 4 Theorem 
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Theorem 6, 


192. If one great circle paſſes thro" the pole 
| of another, it will meet that otber circle at right 


angles, Mr * 


Suppoſe p the pole of the great circle AB, 
and let the arch yp of a great circle be de- 
ſcribed ; then ys falls at right angles to ABc. 

Let E be the center of the ſphere, and join 
PF, EB. 

Now the center of the ſphere, is the common 
center of all its great circles, and therefore 
is the center of both the circles ac and PB (155), 
therefore the line PE is in the plain of the circle 
ps (6 p), and the line pe is perpendicular to 
the plain of the circle apc (150), therefore 
the plain of the circle ps is perpendicular to the 
plain of the circle apc (260 p), therefore the 
arch yB falls at right angles to the arch ABC 
(161). 
Theorem 
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Theorem y. 
173. If one great circle cuts another at ripht 
angles, it * paſs thra* the pole of the ſame 
circle. 


Let the great circle zr, cut the great circle 
Ac at right angles; then the circle pre will 
paſs through the pole of Agb. 


Let apc be a ſection thro' x the center of the 


ſphere, perpendicular to the plain of the circle 
ABCD-; and join PE, IB. 


Now the plain of the circle pre is perpen- 
dicular to the plain of ABCD (161), and the 
plain of the ſection arc is likewiſe perpendi- 
cular to ABCD (by conſtr.) therefore ex their 
common ſection, is perpendicular to the plain 
ABcD (262 p); Th. pA, PEB, Pre, are 
right angles (228 p), Th. Pa, Ps, pc, &c. 
are equal (62 p), and r y is the pole 
of aBcD (1 57). 


Theorem 
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Theorem 8. 


174. F one great circle be deſcribed thro' the 


pole of another, the pole of the circle _ bed will 
fall in ihe circle * 


IS SEK P\ Sy N A 3: 4 « l 
V 


Let v be the pole of the great circle a yep, 
and thro? p let the great circle peB be deſcribed, 
then the pole of pes will fall in the circle 
ABCD. 

Suppoſe x the center of the ſphere, and Des 
the common ſection of the plains of the circles ; 
in the plain ABCD draw Er at right angles to 
DB, and join PE, PF, DF, FB. 

Now px is perpendicular to the plain aBcD 
(170), therefore Er is a right angle (228 p); 
alſo Der, FEB are right angles by conſtruction: 
therefore rx is perpendicular to the plain of 
the circle pys (259 p). Again, ED, BP, EF, EB 
are equal, and the contained angles FED, xv, 
FEB are equal, being right angles; therefore 
FD, FP, FB are equal; for the ſame reaſon all 
ſtrait lines joining the point x, and the circum- 
ference of the circle vs are equal; therefore F is 


the pole of the circle pes. - . 157 
Theorem 
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Theorem 9. 
175. If a great circle paſſes thro' the pole of 
# ſmall circle, their plains will be perpendicular is 
each other. ou 


Suppoſe Ach a ſmall circle whoſe pole is p; 
and through Þ let the great citcle xyr be de- 
ſcribed ; then the plains of thoſe circles are per- 
pendicular to each other. 

Let o be the center of the ſphere, join ys cut- 
ting the plain of the ſmall circle in , through H 
draw ac; DB, and compleat the figure. 

Now OA, GB, GC; op, are equal (154), alfo PA, 
PB, PC, PD, are equal (157), and PG is common; 
therefore the ang'es oA, OB, GP, GeD ate equal 
(66 p); therefore the angles pH A, PHB, PHC, PHD 
are equal (62 p), and conſequently are all right 
angles (9p); therefore pn or pc, is perpendicular to 
the plain 45D (228 p); thereſore the plain of E 
is perpendicular to the plain of a D (260p), and 
conſequently the plain of the ſmall circle azcp, is 
perpendicular to the plain of the great circle EPF. 

Theorem 
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Theorem 10. 


176. A ſpherical angle nec, is meaſured by an © 
arch of a great circle 3e; whoſe pole is the an- 


gular point v. 


Let E be the center of the ſphere, and join 
PE, EB, Ec. 


Now PE is perpendicular to the plain of 
the circle ABe (170), therefore pEB, Pe are 
right angles (228 p), therefore the angle Bc 
is the inclination of the plains yEB, Pre 
(231 p) for pr is their common ſection 
therefore the angle BEc is equal to the ſphe- 
rical angle Bye (161), Again, the arch Bc 
meaſures the angle mzc, therefore the arch 
Bc meaſures the ſpherical angle Bec. 


C orollary 
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Corollary. 
177. The angle made by two great circles, is 
meaſured by an arch of a great circle intercepted 
between their poles, 


For if the points 6 and n, in the great 
circle Ace, are poles of the great circles 
PB, PC; the arches cn, He will be quadrants 
(168), and therefore on is equal to Bc, the 
meaſure of the ſpherical angle Bec. 
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Theorem 1. 

178. If the vertical angle of an iſoſceles ſpherical 

triangle is biſefted by a great circle, the ſaid circl 
will alſo hiſect the baſe at right angles. 


C 


2 f » 
* 


Let anc be a ſpherical triangle, having i 
the fide Bc equal to the fide ca, and let s 


the arch cp of a great circle biſect the angle 4 
ACB3; 2 , 


thy 1-5 
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Ac; then ap is equal to dz, and Ape, cps are 
right angles. 


* — * 
# a 4 


| F Thx y 
For ac being ml. to A 86 and p com- 
mon, there are two ſides ac, cp, equal to 
two ſides Bc, CD, each to each, and the 


contained angles Ac, nch are likewiſe equal 


(con.) therefore av = DB, and the angle apc — 


CDB, - lis W 5 90 „ 
Th. apc, cDB, are right angles —_ 


— Corollary. * 

179, In the Same ſpherical triaagle, oppoſite to 
equal „ fides are equal angles. 0 
For ac, cÞ = BC, op each to each - = theo. 
3 And the angle ach e con. 
9 Th, the angle can 2 165 
I Or the angle CAB = cBa 


Again, 


— 22 
r , * 


1 96 J 
1 „ 11% dt Fre ye 0 7 | — 6 
* Again. . 4 + 4 . 


2 179. In the ſame ae rial, aner te to 
equal filet are e equal angle, . 


Let the ſpherical. triangle 4505 have 8 the ſide 
8c equal to the ſide ca; then the angle a is * 


Fl 


to the angle s. 


Let p be the center of the ſphere, join 
DA, DB, DC, draw BE, AE, AF touching the 
arches A3, Ac, produce pc to r, and join 
Ir, FB. 

Now ap, Dr are equal to BD, DF each to 


each, and the contained angles Abr, Bor are 
equal 


in 


to 


re 
\| 
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equal (150 p), therefore ar, Br” are equal, and 
the angles DAF, DBF are equal (62 p); buf 
DAF is a right angle by conſtruction, there- 
fore DBF is à right angle, and BF is a tangent 
to the arch Bc (35). Again, DAE, DBE, are 
right angles by conſtruction, e DA? 
T a2 = (Dz*) = DE + BE (100 p), but 
DA, DB are equal, and conſequently Ax, ES 
are alſo equal. Laſtly, ta, ar, TRE = Ex, 
BF, FE each to each, as ſhewn above; hits: 
fore the angles EAr, EBT are equal (66 p) 
and are made by tangents to the arches a 
The points of interſection; therefore the ſphe- 
rical angles CAB, cBa are likewiſe equal (161). 


HI Theorem 
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Theorem 2. 


180. In the ſame ſpherical triangle, oppoſite to 


G 
F' 
C 


RR 
"4 


5 


D 


Let the ſpherical triangle AB have the angle 
B equal to the angle a; then the ſides ac, cs 
arc likewiſe equal. = 


Suppoſe Þ the center of the ſphere, join | 
DA, DB, pe; draw AE, AF, touching the 3 
arches AB, AC; and BE, BG, touching the = 
arches Ba, 32; conceive plains paſling through "7 
the tangents Ar, Ar, and BE, BG, to cut 
each other in the line EFG; and join DE, DF, 5 
TB. | | 
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Now Da, DB, are perpendicular to the plains 
paſſing thro' EA, AF, and EB, BF (250 p); 
therefore par, DBF, are right angies (228 p); 
therefore oA + AFT = (DF? =) DB? + pra; 
but pA is equal to DB, therefore ar is equal 


to nr; and for the ſame reaſon az is equal 
to BE,; therefore EA, AF, FE = EB, BF, FEg 


each to each; therefore the angles rar, EB 


are equal (66 p); but the angles tar, EBG 
are equal, being the ſame with the ſpherical 
angles a and B (161); therefore the angles 
EBF, EBG are equal, and the point o falls in 
r; therefore the points v, c, r, are all in tlie 
interſection of the plains of the circles ac, 30; 
and conſequently per is a ſtrait line (249) p. 
Laſtly, 4b, DF, FA = BD, DF, FB each to 
each; therefore the angles A be, Boc, are equal; 


and the arches ac, cB, are conſequently equal 
(149 p). | 
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Otherwiſe. 


* 180. In the ſame ſpherical triangle, oppoſite to 
equal angles are equal fides. 


O 
D 


B 


Let a ſpherical triangle ac, have the angle 
B equal to the angle a; then the ſide ac 1s 
equal to the ſide Bc. 


For if the ſides ac, Bc, are not equal; con- 
ceive a great circle to be deſcribed, making 
the ſide Ap equal to the ſide Bp. 


Now ap is equal to Bo, - 5 con. 


Th. the angle aBD = BAD - - 179 
But the angle app = Bac - - <= theo, 
Th. the angle Bad = Bac - - 48Þp. 
Which is impoſſible - „ 52 p. 
Therefore Ap, Bo, cannot be equal; and 
conſequently, ac muſt be equal to Bc. 
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Theorem 3. 


181. Any two ſides of a ſpherical triangle, 
taken together, are greater than the remaining 


fide. 


D [> 


BY 


Let Aa Be be a ſpherical triangle, then Ba + ac 
is greater than cB, 


Let p be the center of the ſphere, join 
DA, DB, DC; make the angle Ero equal to 
the angle Boa, and the angle orH equal to 
the angle apc, take rr, Fa at pleaſure, ſo 
that each be leſs than the radius of the ſphere, 
Join HE, make pi, DL, DM, equal to FE, 
FG, FH, each to each, and draw IL, LM, 


MI. 


5 | H 3 Now 
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23 


16 


Now 1D, DL, are equal to EF, Fc, each 
to each, and the contained angles 1DI, EFG 


are equal, by conſtruction, therefore 11, Ec, M 
are equal (62 p); for the ſame reaſon LM, on 
are equal; therefore 1L + 1M is equal to tn; 
but 1 + LM is greater than M, therefore F 
HE is greater than M1; again, EF, FH, are 3 
equal to 1D, DM, each to each, and the baſe "4 
HE is greater than the baſe mi (above), there- 2 : 
fore the angle era is greater than 10M (76 p); 
but the angle EFH = 1Da + ADM (con.), 
therefore the angle iva + ADM is greater 4 
than 10M: Laſtly, the arches Ba, ac, cs, 
are meaſures of the angles iDa, ADM, 1DM 


(24); therefore Ba + ac is greater than en 
(56 p). 
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Theorem 4. 


182. In the ſame ſpherical triangle, oppoſite to 
= the greater angle is the greater fide. 


re f D B 


x 4 
. 4 ' N 
12 
£3; e 
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6 7 
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75 


ter Let the ſpherical triangle apc, have angle 
BCA greater than the angle Bac; then the ſide 
AB is greater than the ſide Bc. 


For let the arch cp of a great circle be 


deſcribed, making the angle Ach equal to the 
angle BAC, - - 4 4 164 


Now the angle Acp = cap - = con- 
I.. 2+: AD en - - 120 
Th. ap ＋ DB = cv +pB - 49 p 
Or - A4 = cd + DB 


But op + DB is greater than Bc = — 181 
Therefore AB is greater than Be - - 66 p 
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Theorem 5. 


183. In the ſame ſpherical triangle, oppoſite 18 
the greater fide is the greater angle. 


#4 . 
5 * ES 42 
— s. —— — w * - 
„ = 3 „ + $ Sz 5 
” * — 3 = > - o 


Let the ſpherical triangle anc, have the fide 
AB greater than the ſide ge; then the angle e 
is greater than the angle a. 


2 ——ũ—ÿ— — — — W ... 4 — 
4 1 9 2 * „ 
2 2 


For if the angle c was equal to the angle 4, 
the ſides AB, Bc would be equal (180), which 
they are not theo.); therefore the angle c is 
not equal to the angle a. Again, if the angle 
c was leſs than the angle a, the ſide AB would 
be leſs than the fide Bc {182), but it is other- 
wiſe (theo. ; therefore the angle c is not 
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leſs than the angle a, and conſequently the 
| angle c mult de greater than the angle a. 
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Theorem 6. 
184. The three fides of any ſpherical triangle 
taken together; are leſs than a great circle. 
B 


4) 


SE - SW 


Let apc be a ſpherical triangle, then A8 
+ 8c + ca, is leſs than the great circle pcpe. 
Let the arches Ba, Bc meet again in p. 


Now BAD, BCD are ſemicircle. 167 
Th. saD + BCD = BedE =» = = = 49ÞP- 


by - 3 „ . "> bo - \ * * 
„%% V 


— 1 he 
of Th „ 
7 1 


0 Or aB+ Bc + av TDS = Db. 49 p. 
d But ca is leſs than ap + pc, - - 1381 
* Th. aB+ Bc + ca is leſs than op — 49 p. 
t Therefore the three ſides of the ſpherical tri- 
* 


angle anc, are leſs than the great circle 8px. 


Theorem 
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Theorem 7. 1 
185. If the angular points of one ſpherical | 3 
triangle, are poles to the fides of another, the 3 
meaſures of the angles in the one will be ſupple. : ; 
mental to the fides of the other. ** 


— 
* 


X 
1 


Let apc be a ſpherical triangle, whoſe an- 
gular points are poles of the great circles 


forming the triangle Der; then the meaſures 
of the angles a, B, c, are ſupplements to the 


fides DE, EF, rp; and the meaſures of the 


angles p, E, r, are ſupplements to the ſides 
AC, AB, BC, 

| Produce the ſides of anc both ways, to meet 
the ſides of DEF ; at ©, n, 1, &c. "3 


E207 3 


Since 4 is the pole of xv (con.) the pole of 
AB will fall in the circle xD (175), and becauſe 
3 is the pole of xx (con.) the pole of BA will 
fall in the circle ET (175); therefore the point 
E is the pole of AB; for the ſame reaſon 5 is 
the pole of ze, and p is the pole of ac. 


Secondly, EG, ND are quadrants (168); there- 
fore a ſemicircle = (E + ND = EN + Ne 
＋ nc+ op =) ED + Ne; therefore Nc is the 
ſupplement of ED (29), and conſequently in, 
M1, are ſupplements to Er, FD. 


Thirdly, x is the meaſure of Aa (171), and 
NG is the ſupplement of tp (above), therefore 
the meaſure of the angle a is the ſupplement 
of the ſide ED; and iH, ML, the meaſures of 
the angles B and c, are the ſupplements of Er, 
FD; and after the ſame manner it is proved, that 
the meaſures of the angles b, E, r, are ſupple- 
ments of the ſides ac, AB, BC. 


Theorem 
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Theorem 8. 


186. The three angles of a ſpherical triangle 
taten together, are greater than two right angles, 
and leſs than ſix right angles. 


F PI 


Let ABc be the triangle, produce its ſides both 
ways, and let px, EF, FD, be arches of great cir- 


cles deſcribed about its angular points as poles. 


Then the meaſures of the angles a, B, c, to- 
gether with the three ſides of the ſupplemental 
triangle DEF, are equal to three ſemicircles 
(185); but the three ſides of the triangle pr 


are leſs than two ſemicircles (184); therefore 


the meaſures of the angles a, B, c are greater 
than one ſemicircle, or two right angles. 


Secondly, All the outward and inward angles 
of the triangle are equal to ſix right angles 
(162); therefore all the inward angles are to- 
gether, leſs than ſix right angles. 


Theorem 
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Theorem 9. 

187. In a right angled ſpherical triangle, the ob- 
lique angles are of the ſame kind with their oppoſite 
fides ;, that is, if a fide be greater or leſs than a qua- 
drant, the oppoſite angle is accordingly greater or leſs 
than a right angle. | 


Let aBc be a ſpherical triangle, right angled 


at n, then the angle acs is of the ſame kind with 
its oppoſite fide AB. 


1. If ax is greater than a quadrant, make Bx aqua- 
crant, and deſcribe a great circle thro' c and E. 


Becauſe aBc is a right angle, the pole of the 
circle Be will fall in the ſide a3 (173) therefore 
is the pole of ge (168) and Bc is a right angle 
(172), but the angle B34 is greater than Bex, 
therefore the angle Bca is greater than a right angle. 
2. If a is leſs than a quadrant, make BE 
a quadrant, and deſcribe the arch ct. 
Then as before, Bcz is a right angle, but 
the angle ca is leſs than BE, therefore the 
angle Bca is leſs than a right angle. 


Theorem 
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Theorem 10. 


188, If from any point Q on the ſuperficies f 
@ ſphere, beſide the pole of a great circle ancvs; 
there be drawn to that circle many arches of great 4 
circles Qa, QB, QC, Sc. the greateſt of them is 


other arches QB, qc, QD, the nearer to QA is the 1 
greater, and Qt the remainder of APN is the | 
leaſt of all. Z 


Let az be the interſection of the plains of 1 


the great circles Ar, ABCE, draw ar per- 
pendicular to Ak, join qa, QB, e, QD, G, 


SE LD 
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ht OR n 


yB, FC, FD, and let o be the center of the 
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Now of the lines drawn from x, to the cir- 


cumference of ABE, the greateſt is rA, the leaſt 


re, and FB is greater than Fe (133 p). There- 
FAZ, is greater than rn, and rA is greater 
than FB* + rq?, but the circles ABex, APQE, 
3 | meet at right angles (172), their plains are per- 
} pendicular (161), and QF is perpendicular to the 
plain of the circle Ag (229 p). Therefore 
Q4*=FA* E, and = FR + FE, (100 p), 
Therefore qa is greater than qQs?, qa is greater 
than QB, and the arch qa is greater than the 
arch QB (152p). For the ſame reaſon the arch Qs, 
is greater than Qc, the arch qc is greater than 


the arch ap, and the arch ax is the leaſt of all. 
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Theorem 11. 


189. If the ſides of aright angled ſpherical trianęl E : 
be of the ſame kind, the hypothenuſe is leſs than «| 
quadrant, and if they are of a different kind, u. 
bypethenuſe is greater than the quadrant. 2 


Eo 


2 E A 


In a ſpherical triangle azc, right angled at - 
2, if the ſides 4 B, Bc, are of the ſame, 2 
or of a different kind; the hypothenuſe ac, 2 
is accordingly leſs, or greater than a qua- 4 
drant. F 


3 
2 


r. If as, nc, be each leſs than a quadrant, 


af 
= 


and BE, Bo, be taken quadrants, then 6 and 


o 


are the poles of AB, Bc (173, 168) and ce is 17 
quadrant (168), but cz is greater than ca (188). 3 
therefore ca is leſs than a quadrant; and after 1 
the ſame manner it is proved in the triangle E : 

pac 


l 113 1 


bac, when the ſides DA, Dc, are greater than 


quadrants, that ac is leſs than a quadrant. 


2. If ge is leſs, and 89 is greater than a qua- 
drant, then 4 will be greater than a quadrant, 
For if uz be made a quadrant, E will be the 
pole of Bc, and cx will be a quadrant, as ſhewn 
above; but ac is greater than ce (188), there- 
fore ac is greater than a quadrant z which was 
to be demonſtrated. 
Corollary. 

190. I rhe bypothenuſe of a right angled ſphe- 
rical triangle, is leſs, or greater than a quadrant ; 
the ſides will accordingly be of the ſame kind, or of 
a different kind. 85 
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Theorem 12. 


191. In an oblique angled ſpherical triangle 


ACD, if the perpendicular cs falls within the tri- 
angle, the angles at the baſe a and o, will be 


of the ſame kind, but if the perpendicular falls 


without the triongle, the angles a and cDa, will be 


of a different kind. 


C * C 


1. If cs falls within the triangle, then be- 


cauſe ABC , CBD are right angles, the an- 


gles a and D, are each of the ſame kind with 


CB, * 9 ® M * G 187 


2, If cs falls without the triangle, the angles 
A and cps, are each of the ſame kind with cy 


(187). 
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(187). But the angles D, oA, are of 
2 different kind (162). Therefore the angle 
cpa is of a different kind from CB, and con- 
ſequently the angles a, and c pA, are of a 
different kind. 

Corollary. 

192. When the angles at ihe baſe of a tri- 
angle are of the Jame kind, a perpendicular wi It 
fall within; and when the angles at the baſe are 
of a different kind, the perpendicular will fall with- 
#ut the triangle; upon the baſe continued, 
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Contains Theorems, and Solutions of the ſeveral 
Caſes in Spherical Triangles. 
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gs Theorem 1. | : 
193. In right angled ſpherical triangles. The Þ 
fine of either fide; is to the radius; as the tan- 
gent of the other ide, to the tangent of its op- ; 
poſit e ang le. 


4 
vs 
* 


F 


H 


— 


A 


B 


Let ane be a ſpherical triangle, right angled Þ 
at B, then the ſine of as, is to radius; as the 
tangent of nc, to the tangent of the angle 4. 

Sup- 


„„ 


Suppoſe p the center of the ſphere, join DA, 
DB, oc; let fall x perpendicular to Da, in the 
plain of bac erect EF perpendicular to DA, 
produce DC to F, and draw Br. 


Now DE 1s at right angles to both Be and 
zr (con.). Therefore pz is perpendicular to 
the plain of BEFT (250p). Therefore the plain 
of DBA, is perpendicular to the plain of EBF 
(260), and conſequently the plain of EBx is per- 
pendicular to the plain of pBA ; Aiſo, the plain 
of oc is perpendicular to the plain of DBA, 
becauſe aBc is a right angle (161); There- 
fore the interſection B F is perpendicular to 
the plain of DBA (262 p), and FBD, FBE, are 
* angles (228 p). Therefore EB: radius 

: BF : tangent of BET (54), but Ez is the ſine of 
AB; BF is the tangent of ze (38); the angle 
BEF is the inclination of the plains DAB, Dac 
(231 p), and is equal to the ſpherical angle BAc 
(161). Therefore, the ſine of as, is to radius; 
as the tangent of Bc, te the tangent of the angle 
BAC, 
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Theorem 2. 

194. In right angled ſpherical triangles, the fine 

of the Iyp-thenuſe, is to the radius 3 45 the fine of 
either fide, to the fone of its oppoſite angle. | 


C F 0 

| | 

* HM JB | 

| | 
Let the ſpherical triangle ABC, be right angled 
at B; then the fine of ac, is to radius; as the | 
ſine of ze, to the fine of the angle zac. 


Suppoſe o the center of the ſphere, join DA, 
DB, DC, let fall co perpendicular to Da ; in the 


plain of pA erect cn perpendicular to pa, and 
draw CH, | 


Now po is at right angles to both c and on 


(con. ) therefore po is perpendicular to the plain 


A - 
. 
ws 
gt 4 
* 
2 
* 
8 
I'S 
* 
3 
5 
7 
. 
5 


x 
# 
3 
* 


a. Y . 


LF 
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of cnc{250 p); therefore the plain of pBA is 
perpendicular to the plain of exc 7260), and 
# conſequently the plain of cnc is perpendicular 
= to the plain of pra; Allo, the plain of psc, 
is perpendicular to the plain of DBA, becauſe 
ABC is a right angle (161); therefore the 
common ſection on, is perpendicular to the 
plain of pBA (262 p), and cap, cas, are right 
angles (228 p.); therefore : radius :: CH: 
ſine of c (53); but c is the fine of ac, 
CH 1s the ſine of Bc (38), and the angle con 


being the inclination of the plains pac, Das 


(. 231 p), is equal to the ſpherical angle B ac 
(161). Therefore, as the fine of 4 c, to ra- 
dius; ſo is the ſine of Bc, to the ſine of 
= the angle Bac. 
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Theorem 3. 
195. In right angled ſpherical triangles thai 


have the ſame acute angle at the baſe, the ſines of 1 


the baſes, are as the tangents of the perpendiculars; 
and the ſines of the hypothenuſes, are as the fone 
of the N 


ON Let the ſpherical triangles ABC, ADE, be right 
angled at B and p, and "hare a common acute 
angle at As 


Then , An :f, ch 12 - 193 
And , ap: ot: : n 36a - 193 
Ul. „„ AB 34, 0425 4AD27, By - 173P 


Th. , A: , AD 3: 4, BC £7, DÞ - 175P 
Again, s, Ac: 5, en:: R 3, A - 194 
And 5, Ar: 4, EKD:: R 25, A 194 
Th. 4, ae 2 5, CB :: 3, 42: 5, ED 173 
Th. 4, 403.45 AB. 1 % en: % 5 — 175 
Theorem 
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Pai 
4 Theorem 4. 
ai : 196. tt the fides of a right angled ſpherical 
of BY triangle anc, (whoſe angles a and o are acute) 
8 be continued to p, E, r, and about the angular 
points a and © as poles, the great circles pol, Eri, be 
deſcribed ; we ſhall obtain four pairs of right 
angled triangles, each pair having the ſame acute 
angle at the baſe, and the parts which com- 
poſe them will be equal to the parts of the iri- 
angle ABC, or to their complements. 


- 45 4 5 x * * Ws" - * 2 ” af 1 * F 6 4 4 WY * 
AS © r bo 46 "a5 £ a „ * _ ; 
n 1 . 5 $7 2 5 3 Z oh 1 a ' wy 


* 


27 3 * * "+ — 9 2 7 I 
. r 1 2 


Thus in fig. r. 

1. The angles at p, G, r, r, are right an» | 
U P . L 
i 


CCC 


ee, e 


points u and 1, are poles of the circles BD, ö 


e 
£ 


2. Since B, D, G, E, are right angles, the | 


WF 2 LIES > 2 


cx reſpettively =» - - 173 
f 3. The | 
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3. The arches Ab, ac, 4B, HD, It, 1G, are 
quadrants 8 2 8 


* 


4. The angles a and c, are meaſured by the 


arches DG, EF - - - - 176 


Laſtly, az = 4c, HF.= BC, H1=D6 = 
meaſure of the angle 4; ir = comp. of res = 
comp. of the angle c; alſo Bp, cc, cn, are 


the complements of as, ac, Bc; which is evi- 


' dent by what appears above, and the ſame 


things are to be underſtood of fig. 2. 


Remark 
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Remark. 


„ 


197. From the preceding article, ariſes an eaſy 
methud of ſolving all the caſes of right angled 
ſpherical triangles, 


For if any two parts of the ſpherical triangle ; 
ane, beſide the right angle at B be given, and ö 
the angles at a and © are acute, by conſtructing q 
a figure according to the preceding article, we | 
ſhall find a pair of triangles having the ſame acute 
angle at the baſe (either a, c, B, or 1) in which 1 
three ſides will be given; namely, the meaſures ' 


or complements of the two given parts, and a 
quadrant; and a fourth ſide may be found by 


N = 8 * — 9 2 — A a K * : 
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one of the proportions in article 193, that will 
meaſure a required part of the triangle Age, or 
the complement of ſuch required part (196), f 
which is exemplified in the following ſolu— 
tions. | 
198, Solu- | 

ö 


[ 
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198. Solutions of the 16 caſes of right anglu 
fpherical triangles anc, right angled at B. 


al 
| 5 f 
ng. 
\O | ie SS AT I BG: 
[4.44 3 bY 
3 | AC} | 
8 2 e , IF 2: , E060 21, FH, Or, . 
| 8 4 A t, Ac: f, AB. | 
| AC | = | + 
0 7 land o | HAE © 7. 22 SAG : . GH, or, . 
ng LE | * 5 * coſ. Ac: = is + of c. 
A | | I 
a0 | | 
8 , D : , cc:: 5,HB 2: 4, he, or, 
O | 4 landſe 
i Col. ar :cof. AC :: R: coſ. Bc. 
2 AC | | | 
8 | an BY $,GE-3 5.1G :: $.HF 2 % IH," Of, ad 
Wo | 5 %% ARES. © 
AB | 1 
9 . L 
- FAC) : A Mz | 
| AB 
8 „landlzel 'A: 5, AB:: t, DG: f, Bc, or, | 
= j/ 4 „ bo 6-3 Fe BE. | 
| {AB | 3 
8 950 ol. a: 8 it, AB 3.1, AG 4 
| | 1 5 
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The table of ſolutions continued. 


SES 


Remark. 

The roth, 11th, and 12th caſes are ambiounus, 
for each admits of two anſwers ; and muſt be deter- 
mined by the nature of the queſtions, to whoſe ſolutions 
thoſe caſes are applied. ns 


Ta 1 
> b < |2 OI by article 105. tig. 
* * =! k ö 
6d 4 72 fl S„ AF: S, FE :: 5, AH: J, HG; N 2 
0 19 {and} o Rk 25, A c. a: col, c. | 
0 | A wi cn 
n 8 . 
* oy * A . , B ＋ R 144 
1 
0 | 29 ,o: 5, 30 f SAC :, ac; or, 
S !|I1Tjand}ac 3, A 4,50 :: R : SAC, | 
E ; Ds oY | 
s, en: 5,HG :: 5, or: 5, E; or, [ 
2 |12landjc | *? : ; | 1 
8 col. Bc: col.a:: R : 65, c. f 
E wi | 
3 | | : 
8 | | * | 5,HB: 5, BD :: 5, he cio, : 
= {1 3;andl\ac R : col. AB:: col.Bc: col. ac. | | 
| E C 1 
N A 8 „ AB: S, AD :: I, Bc: /,DG ; or, | , | 
© 14 an A 84 S,AB . R * + tk BC . 7 4. 4 | 
—— — | | 
—— i 
= * | [54 * R r coſ. c: 881 a. f 
Wa 5 1 j 
| > | oh | {EF : GAE :: , u: 5, 40 ; or, | . f 
| + |! P 1 * A! R 2: cot. c: coſ. AC. | ; 
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215. Of Lord Neper*s rule by circular parts; 


The circular parts of a right angled ſpherical 
triangle, are the fides containing the right angle, 
the complement of the hypothenuſe, and the comple- 
ments of the two oblique angles; the right angle not 
being permitted to interrupt the conceived circular 


brder of the things above mentioned. 


If the ſituation of any three circular parts 
be conſidered, that is called the middle part 
which is either contiguous to both the ex- 
tremes, or is ſeperated from both by a circu- 
lar part. 

Thus in the ſpherical triangle azc, right 


angled at B, if the complement of a, as, and 


11 


pc be propoſed; then as is the middle part, 


and the extremes a and Bc are contiguous, 
: but if the complement of 4a, AB, and comple- 

ment of c be propoſed ; then e will be the mid. 
| dle part, and the extremes a and as, are both 


| 

ſeparated from o. 

* by 
All the caſes in right angled ſpherical tri- 
> angles, are contained in the two following 
; theorems, which Lord Neper dicovered by 
comparing the preceding ſolutions among them- 
| ſelves. 

7 

; 


Neper's 


Neper's firſt theorem; 


216. The rectangle contained by the radius and 
ine of the middle part, is equal to the reflangl: 
contained by the tangents of the contiguous extremes, 


Neper's ſecond theorem. 

217. The rellangle contained by the radius and 
fine of the middie part, is equal to the rectanglt 
contained by the coſines of the ſeparated extremes. 

The truth of theſe two theorems is eaſily 
proved from the preceding ſolutions, for if the 
ſide An is the middle part. 
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A "a 


Then, x : f, A :: 5, AB: f, 6&6 205 
i -< 42 
Th. 3, 45: f, 10 :: cot. 4: 1 173 b 
Th. R X 5, AB, Be x cot. a - - 185p i 
AS.  SACIR 35 AB 5, © = -----. 2008 
In XGA SEZACREE <= If 


Note. The cofine of a complement is the fine of the 


port uſelf 
Secondly F 


; tk 149 ] 
Secondly, If the complement of ac is the mill: 
part. 


nd 
90 
he T hen; R: 7, 4 + col, Ac: cot. cl 20 


Put, n; f A 2 cot. a4 2 „t..7 = 47 
Th. coſ. ac: cot. C:: cot. A: K 173 p 
Th. x X coſ. ac = cot. A X cot. c 185 p 
Ag. R: coſ. AB :: coſ. po : coſ. 420 211 
Th. R X coſ. ac = coſ. ap x col. 30 185 p 


+ er SORES our ² —— 


Thirdly, Tf the n of the angle A, is the | 
middle part. 


Then, : 7, A0 :: : col, A! t, AB - © 200 
oh But, : , 40 :: cot. 40: K&K 47 
4% Th. coſ. a: 7, AB :: cot. ac:R 13 p 
p. Th. X x col. A= 1, AB X cot. AC. - 183 p 


5p. Ag. coſ. Be: coſ. A:: R: 5 » - 210 
0; Th. n x coſ. a = coſ. nc *, = 185 p 
> P. Hence, If the middle part is required, the propor- 
* Hon muſt begin with radius; but if an extreme part 


be required, the proportion muſt begin with the other 
y extreme part. 


K This, 


L 130 


Thus, | 
218. As radius, to the tangent of either contiguous 


part; ſo is the tangent of the other, to the ſine of the 
middle part - - 187 pð 


219. As radius, to the cofine of either ſeperated 
part; ſo is the coſine of the other, to the fine of the 
middle part = 1 - 187 p 


220. As the tangent of either contiguous part, to 
radius; ſo i the fine of the middle part, to the tan · 
gent of the other part - - -.-* FU 


221. As the coſine of either ſeperated part, to 
radius; ſo is the ſine of the middle part, to the coſine 
of the other part - - - - 187 p 
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222. Solutions of the 16 caſes of right angled 
ſpherical triangles a Be, right angled at B; by 
Neper's rules. 
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C 
A B 
5 Aol ET OT: 
2 |S | Middle part and proportion. | Art 
24 | _ 
| ac ze is the middle part, ac and 
1 land 15 c ſeparated - - - 219 
| A TE 
AC A is the middle part, Ac and 
2 ling AB AB Contiguous = - 220 
4 | cot. AC: R:: coſ. A: , AB. Sy 
lac| | ac is the middle part, a and 
and! © | c contiguous = = 220) 
| A | | cot. A: R:: coſ. Ac: cot. c. | 
- AC AC is the middle part, AB and 
8.4 and|Bc| Bc ſeparated — 221 
aB ſcoſ. AB: R:: coſ. ac: col. po.| | 
ac AB is the middle part, ac and| | 
andſ o 85 ſeparated = - 221 
| AB 5, AC R235, AV: 5,C. Y 
[AC A is the middle part, ac and| |} 
and A | AB contiguous = - 218 
ya [R: r, AB:: cot. Ac: coſ. A. 333 
AB AB is the middle part, a and | 
andiBc| Bc contiguous » = 220 
)) BY 4 8 WI AS {LO 
aß] [Ais the middle part, ac ande 
andi ac] A contiguous = — 220-1 
| A ARK 3 


coſ. A: cot. ac. 


K 2 


9 * 2 C : bad of 1 A 
— — —  — — cc. __ 


Lge 1 


The ſolutions by Neper*s rules continued, 


C 
B 
3 SPY. RES FA 
> | JH Middle part and proportion. An 
> |>|8 [3 | part and propo 
AB | c is the middle part, AB and | 
> [9 jand C | a ſeparated. - =, [219 
4 R % :: col. a; * 
| [Be] | as is the middie part, mc = 
A [10jand]aB| a contig. 33 - 218 
| Ad R: t, BC :: cot. A: s, AB. 
= » | ja | BC is the middle part, a and 
| w [1 AC ſeparated . 
ay HERE 8, A: R :: 8, BC: s, AC. 
1 » | | A is the middle part, Bc 5 
I2 wal e ſeparated - - 221 
[| | col. ac: ;;: coll 4: , of | 
- a 5 ac is the middle * AB | 
8 les andi Ac and Bc ſep. - 725 
el geo :; col. net 5 
& ng Bl a AB is the middle part, Bc and] 
| By Are A contiguous = = = N 
'B l Ut, 8c: R:: s, AB: cot. 4. 
bo » | | A h is the middle part, a and | | 
is A AB| AB ſeparated »- = - 1227 
S | Fo , 41 5 : c an: | 
l AC is the middle part, a and c 
| > |[16|and/ac} contiguous = - - 1218 
| 0 |  : cot. A :: cot. © : coſ. 40.4 
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( 1s 1 
Theorem 5. 
239. In all ſpherical triangles, the fines of the 


; des are proportional to the fines of their oppoſite 


angles. 


R C 


” „ 

Let acd be an oblique angled ſpherical trian- 
gle. I ſay, the fine of the angle 4, is to the 
fine of the ſide cp ; as the ſine of the angle p, to 
the ſine of the ſide ac. 


Let the arch cs be perpendicular to the fide 


AD, continued in fig. 2. - 192 
NowR :5, AC ;: 5, A: 5, BC - - 199 
And 2:4, e :: 5, D: 3.5, „% - 199 
Ih AG IC ACKHS 4. - 185 p 
And R Xs, Be =5, CD X, o — 185 p 
Th. SACKS A op - 43 p. 


Th. „ A: 5, CD * „ D:1% AC * M 187 P 
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Theorem 6. 


240. In oblique angled ſpherical triangles ac, 
having a perpendicular cs falling upon the baſe. 
The cefines of tbe ſides, are as the ceſines of the f 


ſegments of the baſe, } 

C C 2 

J 

; | 
þ For, coſ. AB: coſ. ac::R: coſ. Be = 202 


And col. BD: coſ. Do:: R: coſ. 3e — 202 
Th. col. as : coſ. ac :: col. Bp : coſ. Dc. 193 p 


nan bf IG Hh DAS eas 


Theorem 31. 
241. The cofines of the angles at the vertex, art 
as the cotangents of the ſides. 
For, R: 1, BC :: cot. Ac: coſ. acs - 228 
And, R: f, Bc :: cot. po: coſ. ge = 228 
Th. cot. Ac: coſ. acs :: cot. po: coſ. c 1735 
Th. cot. ac: cot. D:: coſ. Ac; coſ. op. 1755 


- * * 0 2 * 
*” 3 * 2 4 1 — — — —— — 


Corollary, | 

242. The coſines of the angles at the vertex, 
are reciprecally as the tangents of the ſides, 
For, cot. AC : cot. DC :: coſ. Ac: coſ. BoD 241 
And, cot. ac: cat. ve :: 1, oe: , AC 43 
2%. „„ oo, AC :: of, ACB: cof. BCD. 1735 
Theorem 


- * 
: © Dh ** 
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| 
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fl 
| 
1 
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Theorem 7. 


243. In oblique angled ſpberical triangles acp, 
baving a perpendicular cs falling upon the baſe, 
The ines of the angles at the vertex, are as the co- 
fines of the angles at the baſe. 


For, coſ. Bc :R :: col A: 3, acB 210 

And, coſ. Bc: R :: coſ. o: 5, Bed = 2210 

Th. coſ. A: coſ. p:: s,AcB : 5, BCD. 173 5 
Theorem 8. 


244. The tangents of the angles at the vertex, are 
as the tangents of the ſegments of the baſe. 


Fer, 1 : % on „ AD; „ - 193 
And, R: 5, cs :: f, cp, f, BB = 193 
Th. 7, AcB: f, BCD :: f, AB: 1, BD. - 173 p 


Theorem g. 
245. The tangents of the angles at the baſe, are 


reciprocally as ihe fines of the ſegments of the baſe. 


For, R : % A , A , BC — 205 
And, R: 5, BD: : f, D: f, Bc - 205 
TR. „ AB X4,4:Z='t(4:X 1, BC =) S, BD X 
4, o. - - - - - 185 p. 
nnn d 4. 187 p 


K 4 Corollary. 


2 2 


— — — — EI ep 


E 136 ] 


Corollary? 


246. The fines of the ſegments of the baſe, are as 
the cotangents of the angles at the baſe. 


PF ͤ TIES 


1 aur 
n 


8 
— 
5 


10 


For, 5, Ax: 3, BD :: f, D, 4 + 243 
And cot. a: cot. D:: 7, Do:, 4 » 48 
Th. 5, AB: 3, BD :; cot. A: cot. p 173 P 


14 


* IT n ao - Er 1%; 5 7 * 
* 


Remark. 
247. In the praktice of ſpherical trigonometry, 
the perpendicular muſt fall ſrom the end of a given 
fide, and oppoſite to a given angle. 


Theorem 
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Theorem 10. 


248. The verſed fines of equal angles, are propor- 
tional to the ſemidiameters of the circles. 


C 


A D G IEHEB 


Let the ſemicircles anc, Der, have a common 
center at o, draw cc at pleaſure, and upon the 


diameter AB, let fall the perpendiculars cn, x1. 
Now an, Hs, are the verſed fines of the arches. 
AC, CB; alſo D1, 1E, are the verſed fines of the 
arches DF, FE, to the common angles acc, co 
(34) ; and the triangles cn, cri are equian- 


gular. — 

Th. c: CH:: : GI 

Or, GB: GH :: GE : GI 

Th. o: AH :: GE : DI 

And oB: HB :: OE: IE 
Th. GB: GE :: AH : DI 

And og: GE HR: 18 


1 con. 


- 0193p 

= 56p 
176 p 

1 177 P 
8 175 P 
- 175 P 


Theorem 


* N n 
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* 
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A 


1 * * ER | 
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Theorem 11. 


249. The ſquare of the ſine of half an arch, is 
equal to a rectangle contained by the radius and half 
the verſed fine of that whole arch; plate 1. fig. 1. 


Let rep be a ſemicircle, and f its center; 
take the point E at pleaſure, join 2E, ED, upon 
DE, EF, let fall the perpendiculars no, he, and 
upon the diameter pF, the perpendiculars os, 
EP, 05, 

Now pz, Er, are biſected in o ande 127 p 
Th. pp, pr are biſected in s ands - 101 p 
Th. Do, ro are fines of half the arches pk, 
EF - - - - — 42 
And vs, rs, are half the verſed ſines of px, tr; 
for op, rp are the verſed fines themſelves. 34 


Again, the triangles pro, Fro have right angles 


at o and o, with perpendiculars to their baſes 
os, os. 


Th. no: po :: po: DS — " 199 P 
And nr : Fo :: yo : Fs = - - 199 
Th. poz = HD Xx Ds — 185 P 
And ros = HF x rs - 7 185 P 


Theorem 


— , CEE. 


1 29 5) 


Theorem 12. 


2 50. The rectangle contained by the fines of half 
the ſum and half the difference of two arches; is 
equal to the rectangle contained by the radius, and 
half the difference of the verſed fines of thoſe arches; 


Plate 1. fig. 1. 


In the great circle Bcpx, whoſe center is n, 
take the arch cM equal to cr, and cr leſs than 
cM, Join HL, HC, HI, LM, LI, IM, draw HN, 1Y 
perpendicular to LI, He, and v IR, parallel to 
LM, CH, reſpectively. 

Now L1 is biſected in u (127 p), therefore 11, 
IR, are beſeCted in Q and T (101 p), therefore 
NI is the fine of half Lei, and 19 is the ſine of 


halfe.—ec1,or half cu—cr (42). Again, cw, 
cy, are verſed fines of the arches Lc, ci (34) 
their difference is yw, or IR its equal, and 1T 
is half their difference. Thirdly, the angles 
at x, T, R, are right angles by conſtruction, and 
the angle 19T=(IML= half 1HL=) IHN (142p). 
Therefore the triangles NIH, 110, are equiangu- 
lar (87 p) andn1:1H: 71: 10193 p), or N: 
HD :: IT : 10, therefore NI X IC = IT X HD 
(185 p). 


Theorem 


{ 140 J 


Theorem 13. 


251. In a ſpherical triangle, the rectangle con- 
tained by the fines of the ſides, is to the ſquare of 
radius; as the exceſs of the verſed fine of the baſe, 
above the verſed fine of the difference of the ſides, 
10 the verſed fine of the angle oppoſite to the baſe ; 


Plate 1. fig. 1. 


Let aBc be a ſpherical triangle, having the 
fide aB greater than the fide nc; in the great 
circle rg M, take Bc, B1 each equal to 34, and 
CL, CM, each equal to ca; then ci = Ba — 
Bc. Draw. l, LM, interſecting at &, which will 
be diameters of ſmall circles, whoſe poles are 
the points Bs and c (157), and the plains of 

| thoſe ſmall circles will be perpendicular to the 
plain of the great circle yBcM {175). There- 
fore their common ſection aa is perpendicular 
to the ſame plain (262 p); and at is the verſed fine 
of the angle ac, to the radius vi (248). Join 
HB, HC, LI, IM, draw Ax biſecting L1, and 
NQ, IR, parallel to Lu, cn; then RB, he, will 
cut GI, LM, at right angles (126 p), and 1M, 


IR, 


Linn 


In, will be divided equally in & and 7, 
(101 p). upon 8B, HD, let fall the perpendicu- 
lars cx, 1y, draw the diameter xp, let the arch 
pz meaſure the angle cBa, and PD will be its 
yerſed ſine (34). | 


Now the angles at X, V, W, R, being right 


angles, and the angle nx = (#Kw = ak V) 


alk, the triangles nex, alR, are equiangular, 


and xc: c or HD:: IR: 41 82 2050 
But vi: HD:: 41: PD - - 248 
Th. vi x xc: Ho! ::1R Xal: PD Xal. 206 p 
Th. vi x XC : HD* :; IR PD - 184 p 


But vi, xc, are fines of the ſides ap, Be; 
HD is the radius; IR is the exceſs of the verſed 


ſine cw, above the verſed fine cy; yp is the 


verſed fine of the angle apc, oppoſite to the 
baſe ; and conſequently the theorem is demon- 
ſtrated. 


Theorem 


* 
h 
x 

k 

* 
f 
1 
. 


I 142, ] 
: Theorem 14. 

262. In any y ſpherical triangle, the refangle con- 
tained by the fines of two 5 des, is to the ſquare of 
radius; as the reBangle contained by the fines of half 
the ſum, and half the remainder of the baſe and dif- 
ference of the ſides, to the ſquare of the fine of half 


the contained angle; Plate 1 . 1. 
| Retaining the laſt conſtruction, Join ED, biſect 


ED in o, draw Ho, and to the diameter FD, let fall 


the perpendiculars EP, os. 
Now VI X XC : HD* : 5 "IR : PD oy — 6 
Alſo 1: 1 1749 


Th. vi x xe: Hp :: 1T: s 1773p 


Ag. IT: ps:: IT X HD DS X HD = 184 p 
Th. vi xx: HD* ::ITXHD: DSX HD 173 P 


But NI N10 = Ir Xx np (2300, and pos = bs 


* BD- 2 - - 249 


Th. vix xc: up? 1: NI X. vo 56 p 


Laſtly, vi, x e, are the fines of the ar- 
ches AB, BC; HD is the radius; NI, 195 


are the ſines of half the arches ca + cr, 


1— 


Ca — C1; and po is the ſine of half the arch px, 
which meaſures the angle anc (42, 176). There- 
fore, ſine of AB x fine of Bc : e of radius :: 


CAI 
2 


ſine of X ſine of © —— : ſquare of the ſine 


of half the angle ABc. 
* 252 Other- 


1 343 J 


* 252. Otherwiſe. Plate 1, fig, 2. 


Suppoſe AB a ſpherical triangle, having 


the ſide B a, greater than the fide 3e, and 
p the center of the ſphere. In the great cir- 


cle bc, take BE, Br, each equal to Ba, and 


cc, CH, each equal to ca; draw EF, GH, in- 
terſecting in a; join DB, Dc, which will cut 
them at right angles in s and T, join likewiſe 
rH, draw the diameter IL parallel to Ex, 
continue the arch BA to a quadrant at u; let 
a perpendicular fall from u, on the ſuperficies 
of the ſphere, to m in the diameter 11; draw 
mx at right angles to 17, join IN, NL, draw po, 
Dy, at right angles to IN, NL, and o PR, pa- 
rallel to vm. 


Now $sF : DL:: ar: m.. - - 248 


And 5,4 : s, H:: FH: ar - - plain trig. 


TH. $7 X 5,8 DL Xx „nn n , In: X 


GF 


q a - - 206 p 


Th. r x , : D * , H :: FH.: wt 1864p 


Th. sr Xx $, 4: DL XS, H:: FH: 4. 174p 
Th. sr x 5, 4 X 1 M = DLX, HXIFH 185 p 


But 


[ 144 ] 
But we = eL (127 p). Th. xt = mL 101 p 
Th. sr & 5,0 X KL = DL XS, HX4 FH » 56p 
Th. sr x 5,@ : 5, H x TFH :: DL: RE 187p 
Th. sr x 5,@ : 5, Hi ** FH: DL* : RLXDL 184p 
Ag. PL* = RL x DL 1 cor. to 199 p 
Th. sr x5, 4: , H Xx T FH :: DL*:pL*® = g6p 


Laſtly, sr is the fine of Br, or BA; the 
angle ran = (Bc =) the arch gc; the angle 


| |  \CAÞ+FBA—E | "EP 
rna = (+ Ger =) — * FH = (ſine 


| 2 CA—BA— BC 
of & the arch Fa =) ſine of 1 DE 
me 


is the radius; and pl. is the ſine of + the arch wt, 


or of æ the arch Mr, which meaſures the angle 


ABC; and conſequently the theorem is again de- 
monſtrated. 


Theorem 


E 
Theorem 1 [+ 


253. In a ſpherical triangle. The rectangle 
contained by the fines of any two ſides, is to the 
refangle contained by the fines of baff the ſum 


of the three fides, and its ixceſs above the 


baſe; as the ſquare of radius, to the ſquare of 
the cofe ine of half the angle e te to the baſe ; 
plate 1. hg. 2, 


For sE : Dt: £4 : 15 


Ti 
7 


| 248 
And 3, a: 5, 0:1 EG : Ea — - plain trig, 
Th. sr x 4, 4a: Di Xx 5, 0 i: EA Xx EG: 1 7 „ 
Ea - - - - 206 p 
Th. sz x3,4: bi x, U :: EG: in 184 p 
Th. sx x4, 4 1 Di *, G : 4 E: 4 1% 174 p 
But 1. — + tm (becauſe io = +in) = 101 p 
Th, SE X 3, | DIX3, G4 KO [4 ſabL, 
Th. sx x3, a x iN = fx S, G Xr E - 185 p 
Th. sE x, 4 1 5;0 x TEOG:: DI: 10 187 p 
Th. SE Xx, a: SG Xx A EG:: 12: DI x 1 184 p 
Again, io: = DixtqQ - cor. to 199 p 


Th. 8x x 5,4: 3, & 4 EO: : 015: 10* < ſubſ. 


L Laſtly, 


y Þ + =T 
3 E 
- — 


4 
i, 
* 
95 
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Laſtly, sx is the fine of BE or Ba, the angle 
a = ($av = vDT=) Bc; the ſine of & = fine of 


AB BC CA 
| 2 


= ſine of — Tve „ K. 
2 2 
— CA; D1 is radius, and 10 is the coſine of 


half the angle apc, by the eonſtruction. There- 


—ͤ ͤ6ĩ— 


fore, S, AB x, BC: 5, HX S, H AC :: radius* 
: coline*, + anc, if n = half the ſum of the 
three ſides. 


Theorem 


147 J 


Theorem 16. 


254. Ina ſpherical triangle. The rectang e cofis 
tained by the fines of half the ſum of the three 
des, and itt exceſs above either fide, is to the 
reftangle contained by the fines of the exceſſes of the 
balf ſum above each of the other ſides; as the 
: ſquare of radius, to the ſquare of the tangent 
he / balf the ungle oppoſite to the fide firſt takes: 
Plate 1. fig 2: 


For sz x 5;a : D1* :: 3,0 x4 KO: 107 - 252 
And Dt = Dl, or = (on =) to - con. 
Th. $E Xx S: DL® ::5,G x+ EG: be? - ſubſ. 
Alſo, sx x 3,4: DL* :: SH x + TH: PL? - #252 
Th. g, @Gx4 EO: DP :: 3, HX AH: PI 173 p 
Th. g, O X * EO: , HT:: DP*: PLE . 175 p 
But radius“: tan. of ang. PDL :: Di !“ 59 
Th. 5, 0 * T 10 : 5, H & T ru :: radius“: tan. 


bf PDL, - = - 173 2 


L 2 Laſtly, 


2 5 4 7 
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4 2 * 
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+ » 1 > 2 5 
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E 
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Laſtly, the ſine of o = fine of + EVE, or + 


e 0 & fine of half 


the arch Exc g ſine of —— BAT RBC TCA 


E BH, or of 


Or 


— —— 


2 


— — 


CAFBA-BC 


—— 


— Ca; the ſine of N fine of Gr, or 


c ATRBANT RC 1 
: — BC; + FH = ſine of half the 


or of 


f as: af 
2 

———— . ; and the angle ppl is mea« 
fured by half the arch vi, that meaſures the 


arch ru, or o 


angle ABC, 


Th. 5, H X 5, H—AC : S,H— AB X S,H— BC :! 
radius“: tangent” of half the angle azc; putting 
x for half the ſum of the three ſides. 


Theorem 


Plate I. 


To be placed oppoſite page 148. 
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Problem. 
255. The three angles of any ſpherical triangle 
ABC, being given, it is required to find either of the 
aides; ſuppoſe the fide AB. 


Produce the ſides both ways, and let great 
circles be deſcribed about the angular points 
as poles, forming the triangles per, Eo. 


Now ox, H1, ML, meaſure the angles, 4, B, 
c, and DE, EF, FD, are their ſupplements '185). 
Alſo xo, ro, are ſupplements of br, pr, ſince 
DEO, DFO, are ſemicircles (167). Therefore Eo, 
yo, are equal to , ML each to each, there- 
fore the ſides of the triangle rxo are given; 
namely, FE is the ſupplement of the angle B; 


L 3 EQ 


* 
— * 
— 


F 


* a 
A l 1 = 
* 


7 * i _ 


ro is the meaſure of the angle A; and ro is 
the meaſure ef the angle e. Again, on mea- 
ſures the avgle orn. (176); Therefore as, the 
ſupplement of GH, will meaſure the angle xo, the 
ſupplement of En; but the angle PO is given 
by articles 252, 2 53, 2543 and conſequently 
any fide (4p) is given by the following 
Rule. | 
2 « Change th greater angle adjacent to tht 
fae required into its Supplement, then proceed with 


theſe angles aſter the very. ſame Manner, as if they 
ere fides given to find an angle; ; and there <ill 
eriſe an expreſſ.on for half the jide required. 


Solutions 


[ 157 J 
Solutions of the 12 caſes of oblique . 
* #riangles,” 


2 C 
Af D AD B 


— - — — 


Proportions. 


an 
A = AY 2 
25 , CD: 3, A :: , ACID = [239 


1. 4, A :: coſ. ac: cot. acB[201 
| a e. cor. AC : coſ. ac :: cot. 
— | |] pe: cof. Bed + — [241 
II. R: coſ. A:: f, Ac: „an. wy 
Jap] 2- col. Ac: coſ. AB : * 
Le: coſ. Bd - e 


| | 

| AR: coſ. A: 7, ac: t, AB 200 
, 25 

EOS 


2. col, aB : coſ. AC :: col 
E : coſ. pe = - 240 
I. R: coſ. A:: f, Ac: I, AB. 
„ „n „ 
1 D - - 243 
I. K: , A:: co. Ac: cot. Acg 201 
2. Ack: Col. A:: $,BCD | - if 
. | col. v - — 243 
RIA tcol.ac:; exe 
2. col. ACB : cot. AC :: col, 
[BCD: cat. @D-. =» 1241 


200 


— 


D 


. 
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Solutions of eblique triangles continued. 


” ꝶ6ͤy— er Ara 


= — "A123 * , 9 | 
| — 1 8 . done Art 
= | An 3 E 62 Proportions. 
4 SW —— — — 
I AD | f. R: coſ. A:: , ac: 1, AB. 1 
I S 9| an [*P12.t,D: tat: 8. AB: 5,BD. [245 
"1 - 
4 _ I. cot. A: R:: coſ. Ac: cot. 
i <P 3 * 226 
4 dd. 45D | ACB 7 | . 
[ 4 9 10 ac. C ; 2. col. 4: FzACK Hy i F 
1 | | | „, BCD = 8 | == 
U E 1 2015 "Bc—d| p 
$» 1 6 | 2 , AB xs, 40: — 2 — 4 
©. ND AB,BC : 
1 } ? 
A ri ca en; Ane“, ＋ A. If o 1 
5 | | 4 ws 3 AB. 3 25 
43 1 — — * 
I | | | | | HABX AG: we bor Fine TH 
A (41 Dittola]:: R=: oof? A; if n = 13 
ol D TIED — 
= 5, u X H—BC : MIOAD OP 
2 "I 1 E W * 2 2 1 
| DJ 11 Ditto of X $,H——AC TI + f of 1 N 
e eee, 
_ " 1 REDO: G6 —n|- 
# | A B | „ AN, l: e e XS. 2 * 2 
0 
| e 
3e % an: bag + ad; ee 
| | —5, or Þ—4 . 
| | i | JAX, b:s,n X Hen 
5 AB“ — | 
f. PO u: coline*, + 1 253 
WY e e 
2 
A a2 Ditto An „H — :: R tangent : 1 
Bel Bra 2 1254} 
1 — — N — __— 


0 153 1 | 


— 


Figures to caſes 9 and 10. 


— — 
* n On | 
' Remark 1. 
The 1ſt, zd, and 3d caſes are ambiguous, and 
depend upon | the queſtion. | 


3 — —— — 
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Figure to caſes 11 and 12. 


B 
| af 
88 | 
| d Me Remark 2. at's 
| In caſe 12, b repreſents the ſupplement of n, 
: and n the half ſum of ie three angles, according 
| to the rule ” - - 2 56 
6 
2 
6 
3 
C HAP. 
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273. The coleftial ſphire 55 that in whoſe ſuper- 
ficies all objefis in the heavens Cn. fars, Sc.) 
appear to be ſituated, 


274. The axis of. ihe cela ſphere is a ſtrait 
line paſſing through the center of the earth, about 
which all objefts in oe benvens appear eds to re- 


volve., Ie 


\ 


"ape . fa the i copied are are -the 


| extreme points of its axis, one called the north; the 
other the ſouth pole, 


270. The eguinoctial is a great circle of the cele- 
fital ſphere, equally diſtant from both its poles ; 
therefore the poles of the equinoctial circle are the 
Jame with the poles of the celeſtial ſphere (157) 
and the axis is perpendicular to the equinctial 
Plain - - 170 

277. The 


{ 133 J 


277. The egquinoctial divides the heavens into 
t equal parts, called the northern, and the ſouthern 
hemiſpheres, 


278. Meridians are great circles paſſing through 


the poles of the equinoftial, and therefore muſt cut 
the ſaid circle at right angles - - 172 

279. The horizon is that great circle which 
ſeparates the viſible half of the heavens from the 
inviſible z its cardinal points are north, ſouth, eaſt, 
5 | 
280. The zenith is a point in the celeſtial ſphere, 
direftly over head, or it is à point in the vifible 
bemiſphere equally aiſtant from every part of the 
horizon. 

281. The nadir is à point in the celeflial ſphere 
diametrically oppoſite to the zenith, and is (eee 
directly under foot. 

282. The zenith and nadir, are poles of the ho- 
rigon - - I57 

283. Azimuth hula (or get ci als ) are 
great circles paſſing thro* the zenith and nadir, and 
they cut the horizon at right angles - 172 

284. The prime vertical, is the azimuth circle 
which paſſes thro' the eaſt and weſt points of the 
borizon. | 

285. The meridian of any place, coincides with 
the azimuth circle; that paſſes thro' the north and 
ſouth points of the horizon, 


286. The 
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286. The ecliptick is that great circle in which 
the ſun makes bis apparent annual progreſs ; 
cuts the equinottial in the angle of 239 : 28', and 
the points of interſeftt on are called aries aud 
libra. 

287. The ecliptick is divided into twelve at 
parts, called ſigns, and conſequeutly each fign con- 
tains 30 degrees; their names and marks are as 
follows, 

Aries Y, taurus 8, gemini n, cancer , leo &. 


virgo m, lira , ſcorpio m, e , Capris 
cern , aquarius æ, Piſces x. 


288. The poles of the ecliptick are 230: 28 di- 
fant from the poles of the equinoctial - 177 

289. Circles of longitude are great circles paſſing 
thro" the poles of the ecliptick, and they interſełt it 
at right angles - I IBS | | 

290. Parallels of declination, are leſſer circles 
parallel to the equinoctial. 


291. The tropicks are thoſe two parallels of de- 
clination, which touch the ecliptick in the oppoſite 
points of cancer and capricorn ;, and conſequently are 


limits cf the ſun's progreſs, to the north or ſouth of 


the equinoctial. 


292. Parallels of altitude, are leſſer circles pa- 
rallel to the horizon, 


293. The longitude of any object in the heavens, 
is an arch of the ecliptick contained between the 


Arſt 
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firſt point of aries, and the circle of longitude paſſ- 
ing thro the center of that object. 

294. The latitude of any object in the heavens, 
is an arch of a circle of longitude contained between 
the center of that object and the ecliptick. 

295. The declination of any object in the heavens, 
is an arch of the meridian, contained between the 
center of that object and the equinoctial. 

296. The right aſcenſion of any object in the 
heavens, is an arch of the equinoctial, contained 
between the point aries and the meridian, paſſing 
thro* the center of that object. 

297. The oblique aſcenſion of any object in the 
heavens, is that point of the equinoctial which riſes 
with the center of that object. 

298. The aſcenſional difference, is an arch of the 
eguinoctial, contained between the right and oblique 
aſcenſion of the ſame object. 

299. The azimuth of any object in the heavens, 
is an arch of the horizon contained between the north 
or ſouth points, and the azimuth circle, paſſing thro? 
the center of that object. 


300. The amplitude of any oljef in the heavens, 


is an arch of the borizon, contained between the eaſt - 


or <veſt points, and the center of ihat object at its 
riſing or ſetting. 

301. The altitud: of any object in the s 
zs the arch of an azimuth circle, contained between 
its center and the horizon. 


302. The 
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302. The zenith diſtance of any object in the hea- 
vens, is the arch of an azimuth circle, contained 
between its center and the zenith. 

203. The polar diſtance of any object in the hea- 
vens, is an arch of the meridian, contained between 
its center and either pole of the equinoctial. 

304. The aſtronomical latitude of a place, is an 
arch of the meridian, contained between its zenith 
and the equinoctial, or it is the elevation of tbe pole 
above the horizon. 

305. The celeſtial ſphere is repreſented in plate 2, 
the north pole being elevated in the firſt figure, and 
the ſouth pole in the ſecond, the eye is ſuppoſed to 


view them from the eaſt point of the horizon, and 


according to the preceding definitions ; in plate 2. 


PS is the axis of the ſphere = - 274 
v is the north, and s the ſouth * - 275 
EQ1s the equinoctial - - 276 
PES, POS are meridians - — 9 
HR is the horizon - - 479 
2 is the zenith . 2 
N is the nadir - — - 281 
ZHN, ZON, are azimuth circles - 283 
ZCN is the prime vertical, c is both the eaſt and 
weſt point of the horizon - - 284 
vz is the meridian of the place, R is the north, 
and the ſouth point of the horizon - 285 
KL 15 the ecliptick - - - 286 
The 
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The equinoCtial points, aries and libra, in | 
theſe figures are at c, and the ſolſtitial points, 


cancer and capricorn, are at x and . 
xd, al are parallels of declination - 490 
xd is the tropick of cancer, and a is the tro- 
pick of capricorn 8 e 
ad is a parallel of ee So 292 
Ez, or RP, is the latitude of a place in the 
northern hemiſphere z and dz, or s, is the lati- 
tude of a place in the ſouthern hemiſphere. 304 
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Contains examples to all the caſes in ſpherical 
triangles, applied to aſtronomical problems. * 
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306. Example to caſes 1, 2, 3, in right angled 
ſpherical triangles; plate 2. fig. 1. 

In the ſpherical triangle cxy is given, a Tight 
angle at , the ſun's longitude cx 57® : 30%, 
and the angle xcy- made by the ecliptick and 
equinoctial 23: 287; to find the ſun's declina- 

tion xy, his right aſcenſion cy, and the angle c 
made by the ecliptick and meridian. 


f 1. For the declination xy art. 199 
4 8 | 

| As radius + - - 10,000000 
4 | — 


To the fine of cx - = 57: 30 9,926029 
So is the ſine of xcy= 23 :28 « g,boons 


r ** 


r 


To the fine of xy = 19 : + 8. 94526147 


—— F— 


4 . 2. For 


—— f , — 2 roar wo 
1 . | - a 
* 
= * * * * _— * 


„82 os fo, 


2. For the right aſcenſion cy; art. 200 
As radius 10, 000000 


To the coſine of xcy = 23˙ : 28 9:962507 
So is the tangent of cx = 57 : 30 10, 195813 


To the tangent of cy = 55 13 10,158320 


3. For the angle & y. art. 201 
As radius. _ = 10, oo0006 


To the tangent of xcy = 23: 28 9363610 
So is the coſine of & 57 : 30 9,7302 16 


To the cotangent of cxy= 76 : 52 9.367826 


- 
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307. Example to caſes 4, 5, 6, in right angled 
ſpherical triangles; plate 2. fig. 1. 
In the ſpherical triangle yr © is given, a right 
angle at x, the polar diſtance p@ 66* : 32, and 
the elevation of the pole xe 479: 15; to find 
the amplitude from the north OR, the angle of 
the meridian and horizon POR, and the hour 
angle ©PR. 


1. For the amplitude OR. art. 226. 
As the coſine of rep = 49® : 151+ 9,83 1742 


To radius = - - 10,000000 
So is the coſine of p = 66 : 32 9g,600118 


To the coſine of O = 54 : 05 9.768376 


2. For the angle yOR. art. 194. 
As the fine of o = 66 : 32 9.962607 


To radius - - - 1 0,000000 
So is the ſine of nv = 47 : 15 9,865887 


To the fine of POR = 53 3 11 9,903 380 


3. For the hour angle O PR. art. 228. 
As radius — - - Io, 000000 


To the tangent of re = 47 : 15 10,04 144 5 
So is the cotan. of Op = 66 : 32 ?, 637610 


<> —— _— — — — aq Som > nod — —— — 2 © WM \W2 — _ 5 #-> 
y = . 1 f * 4 2 : 4 —— RY . P — 
2 : — j *. 
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' To the coſine of Orx = 62 : 00 9.671754 
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308. Example 70 caſes 75 8, 9, in right angled 
ſpherical triangles ; plate 2. fig. 1. 

In the ſpherical triangle on, is given a right 
angle at n, the ſun's azimuth from the eaſt or 
welt at ſix cm 169 : 25; and the latitude of the 
place, or mealure of the angle men 47* : 15; to 
find the ſun's altitude at ſix mm, the ſun's decli- 
nation on, and the angle cm. 

i, For the altitude at ſix m. art. 205: 
As radius — - 10,000009 


To the fine of em = 19” 225 93441 203 
So is the tangent of mcu= 47 : is 10,034144 


— 2 — — 


To the tangent r 38 9,475347 


2. For the ſun's declination cy. art. 230. 
As the tangent of m = 16 : 25 0,4693309 


To radius - — = 10,000600 
So is the coſine of men = 475 15 9,831742 


To the cotangent of en=23 : 28 10, 362362 


3. For the angle cum. „Art. 331. 
As radius - - 10, 000000 


To the fine of men = 47 :ts 9,8635887 
So is the coſine of cm = 16 :25 9,931923 


To the coſine of cum = 45: 13 9,8478 10 


M 2 309. Example 


— > 
„ — 


5 — X aa — . , « 
nf hem = . ve © 92 * * $ 17 — 0 
1 8 —ů > — — — mim * . 1 ff K a> — — 
0 4 830 x = — — - * 
K — — 1 ä — 1 n dad 
w 4 . wk * PI - : 


- — 8 * — 
1 > : — 4 mg 


— 


”— 


r 


. thr tn P Co + 


> * 8 


. 4 * £4 8 
A.. 
% - — — 


S . o - a — 
— . - — — ——m—U—üꝶ — . io ut 81 — 
— — : E 5 * 
* 5 —— — . — 
» 


_ —* 
— — 
o—_— — * 4 FE 
1 — 


1 164 J 


309. Example to caſes 10, 11, 12, in right 
angled ſpherical triangles , plate 2. fig. 1. 


In the ſpherical triangle coo, is given a right 
angle at o, the declination of the ſun p 23® : 28, 
and the angle oO 42® : 45', the co- latitude; to 
find the aſcentional difference cp, the amplitude 
O, and the angle cop. 


1. For the aſcentional difference cy. art. 232. 


As radius — - - 10,000000 


To the cotang. of Oo = 429: 45 10,034144 


So is the tangent of BH 23: 28 9, 637610 


To the ſine of cv - = 28 : 00 9,671754 


2. For the amplitude cg. art. 209. 
As the fine of Oo - = 42 : 45 - 94831742 


To radius - - — 10,000000 
So is the fine of o = 23 : 28 9,600118 


To the fine of co - = 35 : 55 9,568 376 


2 For the angle cop. art. 210, 
As the coſine of BH - = 23 : 28 9,962507 


To the coſine of Oo = 42 : 45 9,865887 
So is radius - - I 0,00C000 


To the ſine of o- = 53 : 11 9, 903380 
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310. Example to caſes 13, 14, in right angled 
ſpherical triangles ; plate 2. fig. 1. 


he In the ſpherical triangle cm, is given a right 
8, angle at m, the ſun's azimuth from the eaſt or 
* weſt at ſix cm 160: 25, and his altitude at ſix 
82 17%: oo; to find the declination c, and the la- 
titude of the place, or angle nn. 

2. 

00 1. For the declination cy, art. 211. 
44 As radius - » - 10,000000 
10 3 
= To the coſine of cy = 16“: 25 9,98:923 
5 


— 


So is the coſine of n = 17 : 00 9,9805696 


0 9 885 WY 3s 
7 To the coſine of cn» = 23 :28 9, 962319 
42 "EY _ 
00 

16 2. For the aggle men. art. 212. 


As the fine of o = 16 : 25 8, 451203 


To radius — — 10, 000000 
So is the tangent of muy = 17 : 20 89, 485339 


287 To the tangent of mon = 47 : 1 5 10, 0341 36 
200 —— ane 
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311. Example to caſes 15, 16, in right angled 
ſpberical triangles. 


In the ſpherical triangle O xv, is given a right 
angle at x, the angle OR 62® : oo, and the 
angle POR 53: 11/; to find the elevation re, 


and the ſun's diſtance from the north pole O; 
Plate 2. fig. Te 


1. For the elevation of the pole Ry. art. 213. 


As the fine of OpR = 629: oo, 9.945935 


To radius - - — 10,000000 
So is the coſine of POR = 53 311 9.777631 


To the coſine of Rx = 47 : 15 9,8 31696 


2. For the polar diſtance go. art. 238. 
As the radius — — 10, ooOO0O 


To the cotan. of GPR 
So is the cotan. of POR 


62 00 9, 728674 
53 211 P89, 874220 


66 : 32 9.599894 


To the coſine of yg 
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312. Example to caſes 1, 2, 3. in oblique ſpbe- 
rical triangles, when the perpendicular falls W 
the triangle; plate 2 fig. 2. 


In the ſpherical triangle sz O are given, the 


complement of the latitude sz 42%: 30, the 


zenith diſtance 20 29: 11, and the hour 
angle 250 20: 45'; to find the angle of poſition 
sOz, the angle of azimuth sz 0 (for it is mea- 
ſured by the arch Ho), and the polar diſtance 


SO» 


1. For the angle of poſition s 2. by art. 239. 


As the fine of za = 299 : 11' . 0, 311931 


To the ſine of 280 
So is the ſine of $z 


20 45 9,549360 
42 :30 9, 829683 


if 


To the ſine of sz 29 2 24 9,690974 


2. Suppoſe zr a perpendicular to so (247) and 
find the angle szr. by art. 201, 


As radius - - - - 10,000000 


To the tangent of 280 = 209 : 45% 9.578436 
So is the coſine of : = 42 : 30 9,867631 


To the cotan, of 3zr = 74 : 24 94446117 
M 4 2 For 
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3. For the angle 20 by art. 242, 
As the tangent of 20 = 29“: 11' 60, o, 232977 
To the tangent of 28 2: 30 9.962052 


So is the coſine of zr = 74 : 24 9,429623 


To the coſine of 20 = 63 : 49 9,64 4652 


Th. the angle s20 S 138: 13 


4. For the arch sr by art. 200. 


Ag adli uss 10, 000000 


To the coſine of 25 = 20: 43 9,9 70874 
So is the tangent of sz = 42 : Zo 9,9620352 


To the tangent of ss = 40 : 36 9.932926 


Es For the arch O by art. 240. 
As the coſine of : = 429 : 30 co. o, 132369 
To the coſine of 20 = 28 : 58 9, 941059 
So is the coſine of r = 40 : 36 9, 880397 


To the coſine of r = 25 


57 9.953825 
Therefore 80 =66 333 | 
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#313. Example to caſes 1, 2, 3, in oblique 
ſpherical triangles, when the perpendicular falls 
without the triangle ; plate 2. fig. 2. 

In the ſpherical triangle sz is given, the 
polar diſtance s 66 : 32, the zenith diſ- 
tane 20 29“: 11', and the hour angle 280 
20* : 45; to find the angle of azimuth $zO, 
the angle of poſition 8©z, and the co-latitude 
82. | 


I. For the angle sz © by art. 239. 
As the ſine of 20 = 299 : 11' co. o, 311931 
To the fine of zs© 20 :45 9,549360 
So is the ſine of s0 66 : 32 9, 962307 


138: 13 9.823798 


To the ſine of sz 0 


(247), and find the angle s0 L. by art. 201. 
As radius - - - - - - - 10,000000 
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2. Suppoſe OL a perpendicular to the arch s20 


To the tangent of Is S 20“: 45, 9,578486 
So is the coſine of se = 66 : 32 9, 600118 


To the cotan. of SL 2 81: 25 9, 178604 


3. For 
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3. For the angle 201. by art. 241. 


As the cotangent ofs = 669: 327co. 10, 362389 
To the cotangent of 20 = 29 : 11 10,Ü 282977 
So is the coſine of SQL 81 : 25 9, 173908 


01 94789274 


— oem ———_—— RS 


To the coſine of 201 = 52 


Th. the angle os 2 2 29 : 24 


4. For the arch 81. by art. 200. 


As radius - - - - - - - 10,000000 


To the coſine of Iss 20: 45 9,970874 
So is the tangent of so = 66 : 32 10, 362389 


To the tangent of s. = 65 :o6 10, 333263 


5. For the arch 21. by art. 240. 


As the coſine ofss S669 32“ co. o, 399882 
To the coſine of Za 29 : 11 9, 941046 
So is the coſine of . =65 : o6 9g,624319 


To the coſine of . 22 :379 9g,965247 


Th. the colat, $z =42 1 29 


Again, 


13 


Again. 

gig. In the ſpherical triangle Op] is given, 
the polar diſtance Oy 113® 287, the nadir diſ- 
tance ON 150: 49', and the hour angle NO 


159* : 15'; 10 find that arch Ne, which is equal 
to the complement of the latitude sz; plate 2. fig. 2. 


Here. the triangle sz0 being ſupplemental to 
©PN, the ſides s, 20, and the angle zs© are 
given (29). Whence the computation may be 
the very ſame as in article #312 ; but if it be re- 
quired to calculate in the given triangle © yn, let 
ol be a perpendicular to paz (247). 


I, For the arch pi. by art. 200, 
As radius - - 10,000000 


To the coſine of PL = 202? 


4 9.970874 
So is the tan. of PG = 113 


28 10,362389 


To the tan, of p. = 114 184 10,333263 


2. For the arch vl. by art. 240. 
As the coſine of 2 1139: 28“ co. O, 399882 
To the coſine of x © 150 : 49 9, 941046 
So is the coſine of pL = 114 : 54 8, 624319 


— —— — 


To the coſine of & = 137 : 23 9,9658247 


ine 


Therefore Np = 42 : 29 
314. Ex- 
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314. Example to caſe 4 and 3, in JSphes 
rical triangles, plate 2. fig. 2. 


In the ſpherical triangle sz is given, the 
complement of the latitude sz 42* : 3o', the 
polar diſtance s 66: 32, and the hour angle 
ZSO 20* : 43'; to find the zenith diſtance. 20, 
and the angle of poſition 208. 


1. Let zr be perpendicular to so, and find zr 
by the proportion in article 200. 
As radius 10, 000000 


To the coſine of zzH = 20: 45 9,9708 74 
So is the tan. of & S 42 : 30 9, 962032 


To the tan. of sr =-40 2:36 9.932926 


Therefore r * 163 236 


2. For the zenith diſtance 20. by art. 240. 
As the coſine of sr = 40® : 36, co. o, 119503 
To the coſine of zz S 42: 30 89, 867631 
So is the coſine of 10 =25 : 56 9, 953906 


To the coſine of 20 = 29 : 10 9941140 


3. For the angle of poſition 208. by art. 245. 
As the ſine of o =259: 560 co. o, 359196 
To the ſine of sr =40 : 36 9,8813430 
So is the tan. of 280 220 2 9,8678486 


To the tangent of 203 29 :25 9, 751112 


315. Ex- 
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315: Example to caſes 6 and 7, in „aue 
ſpherical triangles; plate 2. fig. 2. 200 
In the ſpherical triangle sz 0 is given, the 
hour angle 280 20: 45, the azimuth angle 
20 138%: 12', and the complement of latitude 


82 42* : 30'; to find the angle of poſition z0s, 
and the zenith diſtance z. 


1. Let zr be perpendicular to 30 (247) and 
find the angle szr, by article 201. 


As radius 10, oooooo 


To the tangent of 208 = 209 : 45! 9.578486 
do is the coſine of zz —42 : 30 9,867631 


To the cotangentof szF = 74 : 24 - 9;44611 „ 


Theref. the angle FZO 63: 48. 
2. For the angle of poſition 208. by art. 243. 


As the ſine of szr = 74® : 24 0. o, 16301 
To the coſine of 268 = 20: 45 9,970874 
So is the ſine of fz 0 S 63 : 48 9,9652917 


To the coſine of 208 = 29 : 25 9:94c092 


3. For the zenith diſtance 20. by art. 241. 
As the coſine of 828) S 74“: 24 co. o, 5 70377 
To the cotan. of SZ 42 : 30 10, 037947 
So is the coſine of 20 — 6 1 27 9.644936 


To the cotan. of 20 = 29 : 10 10, 253260 


#315. Again, 
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To the cotangent of 20 = 29 : 11 10, 232882 
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#315. Again, for caſes 6 and 7. 

In the ſpherical triangle sz O is given, the 
hour angle zs©-20* : 45', the angle of poſition 
208 29® : 24, and the polar diſtance so 66˙: 32 


to find the azimuth sz O, and the zenith diſtance 


1. Suppoſe Ol perpendicular to szq (247), and 
find the angle sor by article 201. 
As raus 10,000000 


To the tangent of 2s0 = 20%; 45 9,57 8486 
So is the coſine of sH S 66 : 32 9, 600118 


Tothecotangentof sol 81 :25 9, 178604 


Therefore the angle 201 = 52 : ot 


2, For the angle Oz, the ſupplement of 
32 O, by article 243. : 

As the fine of os 81: 25 co. o, 04892 

To the coſine of Os. -= 20 :45 9g,970874 

So is the ſine of 201 gr : 9,856631 


To the cofine of O21 211 48 9.872397 


Th. the angle 520 138: 12 
3. For the zenith diſtance 20. by art. 241. 


As the coſine of e 819: 25˙ co. o. 826992 


To the cotangent of so — 66 : 32 9,63 70¹⁰ 
So is the coſine of 201 2 52:01 9.789180 


W SP IS 


_———— 


3 16. Ex- 


% = _—_—- 


| "ha 1 . ind 


195 J] 
316. Example 10 caſes 8, 9, 10, in obliqne ſphe- 
rical triangles, plate 2. fig. 2. 


In the ſpherical triangle sz is given, the 


hour angle zs 20: 45”, the angle of poſition 


$0Z 292 : 24/, and the complement of latitude 


$7 42: 30; to find the zenith diſtance 20, 


g the polar diſtance so, and the azimuth angle 


$ZQs 


1, For the zenith diſtance 40. by art. 240. 
As the fine of s02 = 299 : 24 co. o, 309004 
To the fine of sz =42 : 30 9g,829683 
So is the ſine of ZzQH =20 :45 9,549360 


To the ſine of 20 1 9,6880 


— —— — 


2, Let zr be perpendicular to so (247) and _ 
the part sr by article 200. 


As radius -. -. - =< = . - © . - '10,000000 


To the coſine of 67 — 209: 45 9,970874 
So is the tangent of 2 — 42 : 30 Le: bod bo 


— 8 
- — — 2 — a — 
MO . 9 
r FC. 992 BC; 


nat - 8 
2 9 a = ys 
_ CEE —̃ SEP 


To the tangent of r =40 : 36 bak 2926 


NY 


3. For 
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; For the = Fo by att. 246; 
As the tangentof $0z = 290: 24 60. 10, 2491 28 


To the tangent of 2s 20: 43 9, 578486 
So is the ſine of 2 40 : 36 8, 813430 


3 


To the ſine of £© = 25 : 55 9.641044 


Therefore a0 =66 33 


4; For the angleszy by att. 201. 


— 


To the tangent of 2s = 200 f 45, 9, 578486 
So is the coſine of : 42: 30 9,8867631 


= 


Tothecotangentof zr = 74 :24 9,446117 


8. For the angle rz 0. by art. 243. 
As the coſine of z33 S 200 45 co. o, o29 126 
To the coſine of T2 = 29 : 24 


95940125 
So is the ſine of zr = 74 : 24 9.98 3699 
; To the fine of 2 O = 6. % 9.952950 


Th. the angle 20 2138: 12 


317. Ex- 
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317 Example to caſe 11, in ew ria 
Wangler plate 2. fig. 1. | 
In the ſpherical. triingle 220 are given, 
the co-latitude yz 42* : 30, the polar diſtanee 
PO G66* : 327, and the zenith diſtance 20 
29% : ro; to find the hour angle 25 G. 

Firſt method; by art. 267: 
The baſe 20 = 29˙ : 100 PO = 66 32˙ 
And pO—ez — 24: 2 PZ = 42 : 30 
The ſum = 53*: 12 its half = 26“: 36 
The rem 4 5: 8 its half = 4:34 
Sine of o = 66? : 32 co. o, 37493 
Sine of 2 = 42 : 30 co. o, 170317 
Sine of half ſum = 26 : 36 9,65 1044 


Ur { 
, 


Sine of half diff. = 02 34 8,651102 


— 
Sr 
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— 7 Pons © _— yp MX; > » X 
— A 2 ws [= * 2 he 4 1 
' - 0 — _ v * — IM 
TOTT 8 — —— — Sn — 
2 4 — 
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Their ſu - - < =, = - =18,509956 


Its half = ſine of I 2 . 10: 22 9,254978 


Th. the angle zr 3 20 : 44 


N Second 


— 
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Second method. by art. 268. 


Now pO = 669 : 32 fine - co. o, o37493 
pz = 42: 30 ſine - = co,0,170317 
20 =29 : 10 the bale +» 0,000000 


The ſum 138 1 = _- _- 0©,000000 
Th. n = 69 : 6 ſine - 9, 970442 
H—zO = 39: 56 fine - =< 9g,807464 


Sum of the four fines is = =» 19,98 5716 


Its half = coſ. of 2 = 109 : 22' 9.992858 


_ 


Th. the angle 2270 = 20 :44, 


Third method. by art. 269. 


Here 20 =. 299 : 100 the oppoſite ſide. 
PO = 66 : 32 a containing ſide. 
PZ = 42 : 30 a containing ſide. 


The ſum =138 : 12 ag 
Th. = = 6g : ob fine - - c0o.0,029558 


H— ZO = 39 : 56 fine - - co.0,192536 
H— PO = 02 : 34 ſine - 23, 651102 


H — PZ = 26 : 36 ſine - 9,051044 


| ———_ 


Sum of the fines — - 138, 324240 


— — 


. 


Its half = tan. of æ 27 0 10% 22 9, 262120 


— — 


Therefore the angle 25 O0 = 20 : 44. 
Again. 
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Again. 

If it was required to find the angle xs O in 
the ſupplemental triangle to 220, in which is 
given $N 42% : 30, 50 113%: 28, and Ox 
150* : 300; it may be done by either of the three 
methods. 


Thus by the firſt method. 
The arch OM = 150®: 30 3N = 113: 28 
SO—SN = m0 :58 $N= 42 : 30 


—— — 


Sum 221%: 48 its half = x10? : 54 


—_ 8 


Rem. = 79 : 52 its half 39“: 56 

Sine of s = 1137“: 28 - £92,0,037 193 
Sine of & 42: 30 co. 0, 170317 
Sine ſum = 110 : 54 — 9.970442 
Sine x rem, = 39: 56 9,807404 


1 21 


Sum of the ſines 88 19,6857 16 


N 
— 


— 
_— 


Its half = ſine of + N30 = 79˙*: 38 999 888 


— . — 


Therefore the angle xs = 159 : 16. 
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By the ſecond method. art. 268. 


The arch $© = 113? : 28' its ſine c0.0,037492 
The arch sw = 42 : 30 its ſine c9,0,170317 
The baſe ON = 130 : 50 - - 0,000000 


The fm = 306 :48 - = 0©,000000 
Th. u = 153 : 24 its ſine 9,65 1044 
Th. x—ONn = 2 : 34 its ſine 3, 631102 


Sum of the ſines 18, 509986 


Its half coſ. of 4 uso = 9%: 38 9254978 


T herefore the angle s 159 : 16 


By the third method. art. 269. 


Now Ow = 150* : 501 the oppoſite ſide. 
iN = 42: 30 a containing ſide. 
SO = 113 : 28 a containing ſide, 


The ſum = 306 : 48 
Th. 8 


= 153 : 24 its fine - co. o, 34896 
H—ON = 2 : 34 its fine c. 1, 348898 
H—SN == ITO : 54 its ſine 9, 970442 
H—SO = 39 ; 56 its fine - 9, 807464 


Sum of the fines - = = = + 21,475760 


Its half = tang. of $NSO = 709* : 38' 10,737880 


Therefore the angle ns© =159 : 16 
318. Ex. 
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318. Example to caſe 12, in oblique ſpherical 
triangles; Plate 1. fig. 1. 


In the ſpherical triangle zPO, are given the 
hour angle 22 0 209: 45", the azimuth angle 


ozr 1389 : 13, and the angle of poſition 20 4 
290: 24; to find the co-latitude zr. I 
ps Firſt ethos. art. 270, } 

Put z= (180® : 001389 : 13 41: 47) 4 

the ſupplement of the angle Ozp. 1 


= 
wed ah 
* * 
- om A 


The angle 207 = 29: 24 the oppoſite angle. 
And Z — 21 0 = 21 : 02 the difference, 


—— — 0 
4 9 — * - —_ 
.* * — 4 - = 
2 226". 8 af % —_—— " 
;-_- IS wp > Le et 


— 
— 8 4 
— 3 2 


Their for: =: 8:50 2 26 half = 2692 13 


And their diff. 8 : 22 half= 4 11 


* a ws 
SS, 


The fine of : = 41 : 17 = co. 0,176320 
The ſine of rp = 20 :45 c. o, 450640 | 
The fine of 4 ſum = 25 2:13 - 9, 629453 
The fine of * diff. 4 :11 - + 8,863014 


- 
— — — 


— — . " = „— 

— 7 « - f 7 72 2 2 
| — 4 "- IT 14 . 2 1 P — r 

. Wy — * ———— —— 


Sum of the four ſines R - 19,1 1942 7 


Half = ſine of + zr = 219 16 = 94559713 


Therefore - 27 = 42 2: 32. 


N 3 Second 1 
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Second method. art. 271. 
Put z = ſupplement of Ozr = 419 : 47. 
Now the angle z = 41*: 47 its ſine co. o 176320 
The angle 2 0 = = 20 : 45 its Ge co. AGES 
The angle 207 = 28-3 9 ' 


Their ſum 2 91 56 


Therefore n = 45 : 58 its fine 9.856690 
And n—z Op = 16: 34 its fine 9,4365044 


Sum of the four fines « = 19,938694 


Halt iscoſ of 22 = 210: 16 5 91169367 
Therefore 27 = 42 : 32. 


Third method. art 272. 

Here. 209 = 29: 24 the oppoſite angle. 
- 2pO = 20 : 45 à containing angle, 
And - Z = 41 :47 a containing angle. 


Their ſum = 91: 56 


Th. K = 45 : 58 its ſine c. o, 143310 
H—ZOP= 16 : 34 its fine co. o, 544936 
H—ZPO =25 : 12 its ſine = 9g,629453 
H—Z = 4 : t1 its fine » 8,863014 


The ſum of the fines +» - 19,180733 


— 


Halt.= tangent of & 27 = 21:16 9, 590366 


Therefore the co- lat. 25 = 48-238; 
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319. MAvigation is the art of fnding the place 
of a ſhip at ſea, with her courſe, and 
diſtance from thence to any other place. 


320. The terreſtrial ſphere, is the globe, or planet 
that we inhabit, and call the earth. 


221, The axis of the earth is that diameter 


about which it revolves, or turns round tewards 
the eaſt. 


N 4 312. The 
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322. The rotation of the earth towards the 
eaſt, muji cauſe all objects in the heavens 10 
have an apparent motion towards the weſt. 


323. The equator is a great circle of the ter- 


reſirial ſphere, equally diſtant from, 690 . 
of the axis. © —_ 6 


J% # 


324. The extreme points of the axis are poles of 


the equator (157), and the axis is perpendicular to 
its plat = =. = - 170 


32g. The poles of the equator, are alſo” the poles 
of the terreſtrial ſphere, 


326. The equator is generally (by ſeamen) called 
the line, and the two equal parts into which it 
drvides the earth, are called the northern and ſouth- 
ern hemiſpheres. 


327. Meridians are great circles paſſing thro? 
the poles, and conſequently hey cut the _ at 


LOT OOO ˙ , ˙ Ä. 


323. Parallels of latitude are leſſer ares paral. 
bel to the equator, 


329. The terreſtial and celeſtial ſdberes, have 
a cominon cen er, the equator of the firſt correſponds 
with the equinoBial of the ſecond, and parallels 


of latitude on the earth correſpond with parallels 
of declination: in the beavens. 


330. Every 


b as ] 


330 Boch point upon the ſurface of the earth 
is ſuppoſed to bave a meridian and parallel of 
latitude, 


331. The latitude of a RAN is an arch of the 
meridian contained between it and the equater ; or 
it is the diſtance of a place from the equator, eſti- 
mated by degrees of the meridian. 


332. I is neceſſary for the purpoſes of geo- 


graphy and navigation, to call the meridian of 


ſome remarkable. place the firſt, and to eftimate 
the. lougitudes: of all other places from "us me- 


ridian. 


333. The, longitude of a place is an arch of 
FN equator, contained between the firſt meridian any 
the meridian of that place. 


334. The longitudes of places are denominated 


eaſt or weſt, as their meridians fall tt to the eaft or 
we fige of the firſt meridian. 


3 3 3. be greateſ latitude is go degrees, and 


the greateſt longitude is 180 degrees; the firſt being 
a quadrant, and the fe econd a ſemicircle. 


$36. 2 difference of latitude between two 
Places, is an arch of any meridian intercepted be- 
wen their parallels. 


337. The difference of longitude betweew two 
places, 


1 86 1 


places, is an arch of the equator intercepted Between 
their meridians. 


338. Since every meridian returns to the center 
of the ſun (by the rotation of the earth about 
its axis) in 24 hours, the difference of longitude 
between all places may be expreſſed by intervals 
of. time; for each hour will correſpond with 15 
degrees of the equator, each minute of time with 


15 minutes of a degree, each ſecond of. time with 15 
ſeconds of a degree, &c, 


339. A rhumb line is a curve upon the ſurface 


of the ſphere, cutting all the meridians in equal 


angles. 


340. The mariners compaſs is à repreſenta- 
tion of the horizon, which is the circle, that 
ſeparates the viſible part of the heavens from the 
inviſible. 


341. If a ſhip be ſteered due north or ſouth 
ber track or courſe is upon ſome meridian, and 


her diſtance ſailed, and 1 of latitude is the 
fame = - - — 3 36 
342. If a ſhip be Gerad 6 any point of 


the horizon befide north or ſouth, her courſe will 
be a rhumb line, - - — — 339 


343. If a ſhip is fleered Fi eaſt or weſt, her 
courſe will be upon ſome parallel of latitude, or 


upon 


1187 J] 


upon the equator; for it being at right angles 
to every meridian, there can be no deviation to- 
wards either north or ſouth, or no change of la- 
ſitude. 


344 Hence — of latitude cut the meri- 
dians at right angles. 


345. The angle of the courſe, is the angle 
in which the track (or Thumb ) cuts the meri- 
dians. 


346. The diſtance of two places, is the length of 
the rhumb line contained between tbem; and is eftie 


_ by geographical miles, or minutes of a great 
circle, 


347. The bearing of places upon the ſame meridian 
is north and ſouth, upon the ſame parallel is eaft and 
weſt, but of all places otherwiſe ſituated, it is the 
angle of the courſe from the one to the other. 


348. In ſailing from the equator the latitude 


mcreaſes, but in ſailing towards the equator the 


latitude decreaſes, 


Theorem 
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Theorem 1. 3 


* 4 


349. I [ailing #pon a rhumb line, the di erence 
of latitude will be proportional to the After 
Plato 3. . l Oe WIRES gp 


Suppoſe AE to repreſent. A portion of the 
earths ſuperficies, 20 the equator, EA, BC, DF, &c. 
meridians, LMNo, &c. a rhumb line, RM, sv, 
ro, &c. parallels of latitude, and the elementary 


triangles LRM, MsN, NTO,. &c. ſo little, as to 


be deemed plain triangles. 


Now the angles RLM, sun, TNO, &c. are equal 339 
And the angles: LRM, MSN, NTO, &c. are equal 244 
Th. che triangles lx U, su, &c. are equiangular 8p 
Th. LM : IR:: MN: MS :; NO: Nr, &c. 193 p 
Th. LM: LR :: LO: LR-þ+MS+NT, &c. 179 p 
Or IM: LR :: LI: IA 5 1 0 179 p 


But Lu, LI, are diſtances, and LR, LA, are the 
correſponding differences of latitude 346, 336 


Therefore the differences of latitude, are pro- 
portional to the diſtances, 


Theorem 


1 1% 3 


Theorem 2. 

350. Strait lines equal in length to the diſtance 
and difference of latitude, each to each; will con- 
ſtitute the bypothenuſe and baſe of a right angled 
plain triangle. 


4 
\ 


Suppoſe the angle Bac equal to the angle of 
the courſe RLM, the ſtrait lines ac, AB, equal 
to LI, LA the diſtance and difference of la- 
titude each to each; am, ar, equal to LM, LR 


each to each, in fig. 1. plate 3. and join 
BC, 1m. | 


Now lM: IR:: II: LA = 5 — 39 
Th. Am: Ar :: AC: AB - - 56 p 
Th. the angle anc = Arm ” - 1198p 
But arm = LRM = a right angle = '= 344 
Th. ac is a right angle, „5 


- Remark. 


351. The ſtrait line (Bc) forming a right angled 


Plain triangle, with the diſtance and differeuce of 
latitude, is called departure, 
Theorem 
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| Theorem 3. 
352. The departare correſponding to any courſe 


and diſtance, is equal to the ſum of all the inter- 
mediate departures. 


The little triangle LR M, Mer, xTo, &c. in 
fig. 1, plate 3, are equiangular; as was ſhewn 
in article - - — — = 3249 
Th. LIM: RM:: Mx: SN :: No: To, &c. 193 p 
Th. LM: RM:: LI: RMF+SN+TO, &c. 179 p 


But am = LM, and 7m = nu; by the con- 


ſtruction of article 350, and - - - 628 


1 


"I; 
4 2 
3 
＋ 
* 
* 
— 


Th. Am: m:: LI: RMASsN Tro, &c. 56 f 


Alſo am : m:: Ac: 8c 1938p 
Th. ac: BC:: LI: RMA SN TTo, &c. 173 p 
Again, 4 con- 


For 


Th. Be = rM+3n+To, Ke. 1678p 


Theorem 
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6.4 
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Theorem 4. 


353. As the diſtante run, to radius; ſo is the 
difference of latitude, 10 the coſine of the courſe, 


TELE oe TE 


1 = W = 


(2 x 
. 3 n 
R 


* Here ac repreſents the diſtance, A3 the 
| difference of latitude, the angle Bac the courſe, 
in ne the departure, and ac a right angle 331 
n Th. ac: radius :: as : coſine Bac 53 


Theorem 5. 


354 . As the cofine of the courſe, to the difference 
7 latitude; ſo is radius, to the diſtance. 


For coſine Bac : AB:: radius: Ac 89 95 


Theorem 6. 
355. As the fine of the courſe, to the depare 
ture; ſo is radius, to the diſtance. 


For ſine Bac : Bc :: radius: ac =» 3653 
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Theorem 7. 
386. As radius, to the diſante; ſo 5s tht 
tene of the courſe, to the difference of lati- 
tude; | 
For radius: ac :: Col. BAC { A 


144 


53 


Theorem 8. 
357. As radius, to the diſtance; ſo is the fiit 
of the courſe, to the departure. 
For radius: ac :: fine of Bac: ge 53 


Theorem 9g. 3 

358. As the difference of latitude, to the de. 

parture; ſo is radius, to the tangent of tht 
conr ſe, | | 

For AB : BC :: radius: tan, ace 64 


Theorem 


U 


3 
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Theorem 10. 
359. As radius, to the tangent of the ccurſe; ſo 


is the difference of latitude to the departure. Ba 
For radius, tan. BAC :: AB: BC - 54 


C 


Theorem 11, 
360 In ſailing due eaſt or weſt, the departure 
7s equal to the diſtance run. 
For when 43 becomes infinitely little, or 
vaniſhes; ac will coincide with Be. 


Remark. 

361, All problems ſolved by the proceeding theo- 
rems are ſaid to be in plain ſailing ; becauſe the 
very ſame theorems would ariſe if the ſurface of the 
earth was a plain, and the meridians parallels. 


O CHAP. 


ha a e „ 
E 


2 


— Ps. 
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CHAP, II. 


Contains the principles of parallel and middle 
latitude ſailing. 


— — 


Theorem 1. | 

362. In ſailing upon à parallel, the coſine of 3 
the latitude, is to radius; as the diſtance run, =} 
to tbe difference of longitude. 0D 


a „ © a nn 


Suppoſe c the center of the ſphere, p · the 
north pole, xq an arch of the equator, par, 
PBQ_ meridians, and az the diſtance run, or 

the 


1 551 
the arch deſcribed; draw the ſemidiameter & 
cutting the plain of the parallel in ↄ, and join 
DA, DB, CE, cd. | 


Now the interſections pa, Ds, are parallel ta 
ex, CC, each to each - - 258 p 


Th. the angle aDB = xa = += 255P 
And Þ is the center of the parallel ? 171 


Therefore the arches AB, EQ, Will each contain 
the ſame number of degrees - - 23 
Therefote, the arches AB, EG, and their reſpec- 
tive circumferences, have equal ratios 159 p 
Th. AB: . :: KA: equat. - 160 p 
Th. AB :: paral. : TI, 
Alſo, pn: . paral. equat. 2235 p 
Th. DB : CQ:: AB: EQ = - 173 p 
But Þs is the ſine of es, or coſine of the lati 


tude QB z o is the radius; and td is the diffe- 


tence of longitude. 
Th coſ. lat.: radius :: diſt. : dif. long. 


*n, 


© 2 Theore tit 


* . 5 we o E - 2 = 5 v - © i 
of + a. pt 5 ” at * * ay +2» "IP ot . - "" 4 N » _ » 
...... , . 
_— ” 
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Theorem 2. 
363. As radius, to the cofine of latitude, 


fo is the difference of longitude, to the length of 


the correſponding arch of the parallel. 


For DB: :: AB: EQ - 367 
Th. q: DB:: EQ: AB = - - 128 


Theorem 3. 


364. The correſponding arches of parallels, 
are proportional to the coſines of their reſpectivt 
latitudes. 

For d: DB:: EQ: AB - . 362 
Th. c: EQ:: DB: AB - - 175 p 
Or, d.: K:: col. QB : AB 

Th. c.: EQ:: col. cg: Fo for the ſame reaſon 
Th. coſ.qs : AB:: coſ. cg: ro - 173 p 
Th. coſ. Qs : col.qQc : AB: FG - 175 Pp 


Theorem 


q 
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i, Theorem 4 
365. As the coſine of midale latitude, to 


radius; ſo is the departure, to the difference of 
longitude, nearly, 


The laſt conſtruction remaining, tet rs re- 


preſent the rhumb line, or courſe between x 


and B; make 31. equal to qc, biſect the arch 30 
in 1, and deſcribe the parallel nr. 


In failing from r to s, or from s to r, the 
departure is greater than AB, and leſs than ro 


(352); and will therefore be nearly equal to 

the arch Hr, which biſects Bs. 

And, co. ai: radius :;: HI: Ee 362 
But i =(it. = 1 QB+BL =) + De. by 

conſtruction, which is called the middle lati- 

tude; and EQ is the difference of longitude 337 
Therefore, as | the coſine of middle laritude, 

to radius; ſo is the departure, to the difference 


longitude, nearly. 


O 2 Theorem 


de® af * 
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Theorem 5. 
366. As the difference of latituge, to the difference 


of longitude ;, ſo is the cofine of middle latitude, 
to the tangent of the courſe, nearly. 


For, dif. of lat.: radius :: dep. : tan. courſe 358 
And, cof. mid. lat.: radius: : dep. : dif. longit. 365 
Th. dif. of lat. tan. courſe = radiusXxdep. 185 p 
And col. mid. lat. xdif. long. = radiusxdep. 185p 
Th. dif. of lat. xtan. courſe = coſ. mid. lat. 
dif. long. OO OE OS #2 0-4 a 
Th. dif, lat.: dif. long. :; coſ. mid. lat.: tan. 


Ss SO MC ²˙²ꝛ g xk. rt 


Corollary. | 
267. As the coſine of midale latitude, to the 
tangent of the courſe; ſo is the difference of la- 
titude, to the difference of longitude, nearly. 
For dif. lat.: dif. long. :: coſ. mid. lat.: tan. co. 366 
Th. cof. mid. lat.: tan. courſe :: dif. lat.: dif. long. 


Remark. 


MN ben the latitudes are of one kind, half their 
Jum is the middle latitude ; but if they are of a dij- 
ferent l ind, the method | fails. 


CHAP. 
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CHAP. III. 


Of MzRCATOR's SAillnG: 


” — 5 * 
„ 4 1 
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. 
. „ 


368. Suppoſe egia Mercator*s chart, conſtructed 
zo repreſent the ſpherical ſuperficies EQ1A (plate 3); 
in which eq is the equator; ea, bc, af, &c. are 
meridians; Imni is a rhumb line; and rm, Sn, 
to, ai, are parallels of latitude ; each ftrait line 
in the chart repreſenting its correſponding arch 
upon the globe. 


The meridians in this projection being made 


parallels, rm is equal to eb (g1p); therefore 
7m is the difference of longitude correſponding 


with RM - - - - - 337 
Therefore, coſ. E R: radius :: R: Im . 362 
N4 Now 
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Now in order to have the little triangle Vn 


in the chart, equiangular to its original LEN 


upon the globe, the difference of latitude LK, 


muſt be increaſed in the ſame ratio with the 
departure & M (198 p); therefore coſ. E R: 


radius :: LR : /r; but by article 49, as col, 
ER : radius :: radius: ſec, ER; therefore, 
radius: ſec. E:; tht = - 173 p 


Again. If the radius and difference of la- 
titude 1.8, be each ſuppoſed one minute of 
the meridian, the laſt proportion will become 
1: ſec, ER ::1:/r;, and conſequently the 
increaſed minute /r, is equal to the ſecant of 


the latitude, in that caſe » © » +» 167 p 


Remarks. 
369. The meridian line of Mercator's chart, 


is @ ſcale of ſecants 10 every minute of latitude 
contained in it. Thus ſuppoſing the difference of 
latitude LA to be four minutes, then the enlarged 


meridian la is equal to Ir + ms + nt + oh; which 
are ſecants of the latitudes el, bm, dn, go, reſpec- 
7 De ly - =- — — — 3 68 


370. Mr. Wright made the firſt table of meri- 


dional parts, by continually adding the ſecants of 


each minute of the quadrant, namely, 1', 2, 3', 4, 
&c. 


371. As 
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371. As the cofine of middle latitude, to radius ; 
ſo is a greater difference of latitude, to the corre 
ſponding increaſed difference of latitude, nearly. 

372. The increaſed, or enlarged difference of la- 
titude, is generally called meridional difference of 
latitude. 8 

373. A plain triangle formed by the diſtance, 
difference of latitude, and departure; will be ſimilar 

15 a triangle formed upon the chart by the enlarged 
c(diſtance, meridional difference of latitude, and dif- 


ñgference of longitude ;, for each is equiangular to the 
4 elementary triangle LMR. 350 and 368. 
| 374. In Mercator's chart, the rhumbs are all 


fait lines, the latitudes, longitudes, and bearings 
of all places are truly repreſented; but the diſtances 


, of places are diſtorted. 

; 375. The meridional difference of latitude be- 
1 tween places is found by tables of meridional parts, 
h or logarithmic tangents. The curious reader may 
- fee the latter method elegantly demonſir ated in 
8  Robertſon's navigation. 

. 

f 


. Theorem 
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1 | Theorem Ko: 

376. 4 the W un of latitude, 10 

tbe difference of longilude; ſo is radius, to the tan- 
gent of the courſe; plate 3. 


Suppoſe the places are at L and 1 upon the 


globe, and their projections at / and i upon the 
chart; then will a/ repreſent the angle of the 
- courſe, /a the meridional difference of "latitude 
(= Ir + ms + nt, &c.), ai the difference of lon- 
gitude, and lai i is a right angle 5 388 
I la: ai : :: radius : tan. ali = 64 


CY 


Theorem 2. 


377. As radius, to the tangent of the courſe ; . 
fo is the meridional difference of latitude, to the dif- 


ference of longitude ; ; plate 3. 
For la : * Af 2: radius : : tan. ali - - - 376 


Th. radius: tan. ali :: la; at =» 128 


r 


4 ? 


203 
Theorem 3. 


378. As the proper difference of latitude, to the 
departure; ſo is the meridional difference of lati- 
tude ,, to the difference of longitude. 

For, radius: tan. courſe :: dif. lat.: dep. 359 
And, radius : tan. courſe : : mer, dif, lat.: dif. 


long = 5 377 
Th. dif. lat.: dep. :;.mer. dit lat. : dif long. 735 


379. Remark. 


Since coſ. mid. lat.: radius: : dif. lat.: la. (near) 371 
Th. radius: la. :: coſ. mid. lat.: dif. lat. — 28 
Ag. radius: tan. ali :: la: dif. long. - 277 
Th. radius : la. :: tan. ali, : dif. long. 175Pp 
Th. coſ. mid. lat: dif. lat.:: tan. ali: dif. long. 173 Pp 
Tb. coſ. mid. lat.: tan. ali. :: dif. lat.: dif. long. 17 5p 
Or, the coſine of middle latitude, is to the tangent of 
the courſe; as the difference of latitude, to the dif- 
ference of longitude, as before inveſtigated = 367 


CHAP. 
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CA 
Contains Queſtions in Navigation. 


Pr 


„ Mb i Queſt. x. 

380. A ſhip ſailed 68 miles between ſouth and 
eaſt, and made 4.3 miles difference of latitude, be- 
courſe and departure is required ? 


„ 2 


1. For the courſe Bac art. 35% 
As the diſtance ac = 68 - 1,832509 
% • AAA ˙ »A 10, 00000 
So is the diff. of lat. aB = 43 1, 633468 


To the coſ. courſe Bac = 5: 47 9. 800959 


2. For the departure Bc art. 357. 
As radius - - - 10, oooooo 


To the diſtance ac 22 68 158 32509 
So is ſine of courſe ac = 50: 47 9,889107 


To the departure e = 52, 6 1721676 


Plate III. 


1 


0 


To be placed oppoſite Page 204. 
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Queſt. 2. 


381. If a ſhip be ſteered x 60* x, *till Ber dif- 


ference of latitude is one degree, or 60 miles; what 
is ber diſtance ſailed, and departure made? 


B — e 8 
TN 
£1 

{RES LS 
l, For the diſtance ac art. 354. 
As the coſ. courſe Ac = 60: oO 9.698970 
To the diff. of lat. AB = 60 1,778 151 
So is radius - - - - - 10,000000 
To the diſtance ac = 120 2,07918r 
8. For the departure Bc art. 359, 
As radius = - - - - o 10,000000 
To the tan, courſe Bac = 69* : o 10, 23867 
So is the dif, of lat. ap = 60 1,778151 
To the departure re = 03,9 1.016712 


Queſt. 
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| Queſt. g. 
382. If a ſhip ſails s. w. by w. 360 miles, what 


difference of latitude and departure will ſhe make ? 


= 7 


| 
| 
LY — E 
=” 25 B 
Here the angle of the courſe pac = 56* : 15 
being five points from the meridian. 


1. For the difference of latitude as art. 356: 
As tadius - : — * 10,000000 
To the diftance ac =.360 24556303 
So is the coſ. courſe Bae = 56® : 15' 9,744739 


To the dif, of lat. 3 = 200 2,301042 
2. For the departure Bc art. 3 57. 
As radius = - - - 10,000000 
To the diſtance ac = 360 2,556303 
So is fine courſe ac = 56®: 15 97919846 


To thedeparture Be = 29, 3 2,476149 
Queſt. 


| > © - | © | 2 


22 
— 


383. A n in chace ſailed w 8 miles, E N E 14 
miles, W N W + W 19 miles, and N g miles, hat 


courſe and diſtance did ſhe make good, upon the 
whole traverſe ? 


Ne Courſe | Diſt. | Diff. Lat. | Departure. 
*; Deg. Miles -+- N 8 E = W 
— —— | — - — 1 — — 
190: OO 8 Fa . e 8, 
7 30% 14 “21 — 29 
73. [19 ns 2s. 
+ E 0 © 5 570 2 — re 
Sums 3 1 BR + 129 | | 26,5 


I, 


For the courſe 


As the diff. of lat, = 15,8 


To the departure = 13,3 
So is radius? 
So is tan. courſe = 40 
2. For the diſtance 


As ſine of the courſe = 40 


To the departure 


$0 is radius 


To the diſtance 


= 133 


1 


20, 6 


Diff of lat. = 15,8 depart. = = 13,3 


art. 358. 
1, 198687 
| dess 


—_ — — 


057 9.925795 


art. 355. 


2 05G 8 2 19 


I, 123852 5 


en. 


— — — 


4.315033 
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Queſt. 5. 
384. If a ſhip runs 200 miles in the parallel of 
499 30%, what difference of longitude will ſhe make? 


P 


For the difference of longitude EQ. art. 362; 
As the coſ. of lat. za = 49%: 30 9,812544 


To radius 1 _- 2 = - - 10, COOOOO 


So is the diſtance a3 == 200 2, 301029 
To the dif. of lon. EQ = 308 2,438485 
Queſt. 6. 


385. w hat is the diſtance between two places 


in the latitude of 60® : oo ? whoſe difference of 


longitude is 19, or 60 miles. 


For the diſtance as. art. 364. 
As radius - - - 10,000000 


To the coſine of lat. x a = 609 : 0“ 9,698970 


So isthe diff. of long. C 60 1, 778151 
To the diſtance av = 30 1,477121 
Queſt, 


FED, | 
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3! 6. ape 4 2 from the parallel of 
43® 33 N, 70 ſail * £69 ; TH E, till foe ar- 
 rives in latitude 490: 30 N "what difference of 
longityde will ſhe mae: 


15 we For the middle latitude art. 367. 
The latitude in >. 492 : 30˙ = 499 3⁰ 22 
Tenne 43 33 uE 43: 35 


— 


The ſum — 93 2 0g. dif. 5 237 


The middle lat. = 46 : 21.dif.= 257 


2. For diff. of long. art. 367. 


As the coſine of mid. lat. 469 : 31“ co. o, 162320 


To the tan. of the courſe 56 : 15 10, 173108 


So is the dif. of lat. = 357 2,552890 


To the dif, of long. = 777 2,890318 


— 


5 2, By | 


* 2 — — . — - d : . * * — 
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By Mercator. art. 375. 
The Jatipuce in = e n 55 2499 


” + 


The latitude from= 43 : 33 M. P. = 2910 


od . 
* « % 


— — — — 


The meridional dif. of lat. 3 619 


For the dif. of longitude "YN art. 377. 


As radius „10, oooooo 


— 


To the tan. courſe, = 56 16, 10,175108 
So is the mer, dif. lat. = 319 2, 718167 


— * 


To the dif. of long, = 777 2, 890255 


2 


1 * 


Queſt, 
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Queſt. 8: 
387. Suppoſin 7g a ſip from Jatitud; 595 405 
8, to ſail between x and , till ſhe arrives 
in latinide 549 : 30% s, with 360 miles de- 
parture z what diſferenct of . will ſhe 
male? 2 


B y the middle latitude, 
Thee latitude departed from = 599 : 20f 


The latitude arrived in = 54 : 40 


The ſum a - = oy 114 " | 
Half is the middle latitude = 57 : 00 367 


For the difference of longitude. art. 365: 


As the coſine of middle tat. = 579 © 00 9,7 36109 


— — 


To radivs - - - - < - = 10000000 


So is the departure = 360 2,6303 
To the difference of long. 667 2,8 20194 


, 7 «3 
— ==. — 


P 2 a. By. 
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2. By Mercator. art. 375 
The latitude from = 599 : 300 m. p. = 4468 
The latitude in . = 54 : 30 m. p. = 3916 

2 «of 


Differences of latitude = 5, : 00 and, 552 

For the difference of longitude. art. 378. 
As the proper dif. lat. ;* : 00 = 300 c0.7,52287y 
To the departure - = =— 360 2, 556303 
So is the merid. dif. lat. = 552 2, 741939 


To the dif. of longitude - = 662 2,821121 


bt 


Queſt. 


8 
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| Queſt. 9. 
3 8 8. What is the courſe and diſtance from 
London to Conſtantinople i ? 


Lond. lat. 51* : 32 M. p. 3620 long.o0” : oo! 


Conſ. lat. 4x : 00 M. p. 2402 long. 28: 58, B 


— — — 
Differences 10: 32 918 28:58 
In miles 632 918 1738 


Sum of lat. 92: 32 middle latitude = 46 : 16 
For the courſe by mid. lat. art. 366. 


As the dif, of lat. = 632 c6.7,199283 
To the dif. of long. = 1738 3,240049 


So is coſ. mid. lat. = 469 .: 16 9,839668 


To tan, of the courſe = 62 : 15 10,279000 


— 


For the courſe by Mercator art. 376. 


As the mer. diſ. lat. = 918 co. 6, 962842 


To the diſ. of long. 1738 3,2 40049 


So is radius = - - lo, ooo 


— 


To tan. of the courſe = 622: 10˙ 10,277207 


For the diſtance art. 354. 
As coſ. of the courſe = 629 : 10 9, 669225 
To the dif. of lat. = 632 2, 8007 r 
So is radius 3 10, ooo 
Ta the diſtance = 1332 3,13 1492 
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- | Problem. 3 
389. The meridian zenith diſtance, and declination 
F any objeft in the heavens being given; it is 
required to find the latitude of the place. | 


E 
Here the circle zxx repreſents the meridiaa 
of the place, zq the equinoctial, z the zenith, EE 
thelatitude, and a, b, c, objects upon the meridian. 
Tf the equinoctial is between the zenith and the 
object, the difference between the zenith diſtance 
and declination is the latitude, of a contrary name 
to the declination; for za—z4= E, the latitude. 
| Caſe 2. | 
If the object is between the zenith and equi- 
noctial, the ſum of the zenith diſtance and 
declination is the latitude, of the ſame name 
with the declination ; for z4+zb=xz. 
Caſe 3. 3 
If the zenith is between the equinoCtial and 
the object, the difference between the declination 
and zenith diſtance is the latitude, of the ſame 


name with the declination ; for, zc—2c=rz. 
Problem 
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Problem. 
390. To find the variation 0 or error ) f the campaſi, 


Here the circle repreſents the horizon, its 
vnd points, and © the ſun at his riſing or ſetting: 


Rule. 

1. Obſerve what number of degrees the ſun 
riſes or ſets, from the north point of the compals 
7, repreſented by the arch of the horizon 20 
which is called the magnetical amplitude. 

2. Find by calculation, the ſuns true am- 
plitude from the north N O. 


' 


— 
— — 5 
- » 


3. The difference of the n thus found { 
is the variation vn | 
- Example. 
d Suppoſe at ſun riſing, the true amplitude x© — 
- 76* : 3o,, and the magnetical 20 = 64® : 30 
Operation. 
| From © =: =». -:.- "= 969 5 90+ | 
d Subſtract nc „ „ -——— 30 
* And the variation ny» - - = 12 : oo Eaſt | 
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LOG ARIT HMS. 


& 2 - 1 BE, 
N. | Log. | | N. | Log. | | N, Log. 
0.900000 1.531479 1.826075 
0.301030 1-5 44068 1.832509 
0.477121 1.556303 1.838849 
0.602060 1.568202 | 1.845098 
0.698970 1.579783 1.851288 
0.778151 1.591064 1,257332 
0.845098 1. 602060 863323 
.| 0.903090 1.612784 ' $69232 
| 0.954242 | 1.623249 | * 875061 
1.000000 | 1.633468 880813 
1.041393 1.643452 1886491 
1.079181 1.653212 | 1-892094 
1.113943 | 1.662758 1.897627 
1.146128 1.672098 1. 903090 
1.176091 1.681241 1.908483 
1.204120 | 1.690196 1.913814 
1.230449 1.698970 1.919078 
11.255272 1.707570 1.924279 
1.278753 | 1.716003 1.929419 
1.301030 1.724276 1.934498 
1322219 1.732394 1.939519 
1.342422 | 1.740362 1.944482 
1.361728 1.748188 1.949390 | 
1.380211 1.785875 1.954242 
1.397940 2.763428 1.959041 
1.414973 1.770852 1.963788 
1.431364 1.778151 1.968483 
1.447158 | 1.785330 | 1.973128 
1.462398 1.792391 1.977723 
1.477121 | 63 1.799340 | 1.982271 
Gs — * —— 
1.491361 1. 806180 1.986772 
1.05150 1.812913 1.991226 
1.8111. I. 89 44 1.995035 ! 
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000868 | 


100 | | 000000 | 000434 | 001301 | 001734 
101 004321 | 003751 | 005181 | cog 006038 
102 | | 008600 | 009026 | 009451 | 009876 | 010299 
103 012837 | 013259 | 013679 | 0.4100 | 014521 
104 | | 0170433 | 017451 | 017868 | 018284 | 018700 
105 | | 021189 | 021603 | 022016 | 022428 | 022841 
106 | 025306 0257 5 | 026125, | 026533 | 026942 
107 029384 | 929739 | 030195 | 03059gg | 031004 
108 033424 | 033826 | 0344227 | 034628 | 035029 
109 | | 037426 0::825 | 038223 | 038620 | 039017 
110 | | 041393 | 04:78; | 042182 | 042576 | 042969 
111 045323 | 045714 [046105 | 046495, | 046885 
112 | | 049218 | 049605 | 049993 | 050379 | 550766 
113 | | 053978 | 053463 | 05326 | 054229 | 054613 
114 | og6905 | 057-286 | 057666 | 058040 | 058426 
115 obc698 | 06107; | 061452 | 061829 062206 
116 064458 | 064832 | 0652c6 | 065579 065953 
117 068186 | c68557 | 068928 | 059293 | 069668 | 
118 {| | 071882 | 072249 |! 072617 | 072985 ! 073352 
119 | | 075547 | 075912 | 076276 | 076640 | 077004 
120 079181 | 079543 | 079994 | 080266 | 080626 | 
123 | |} 08278; | 083144 | 083503 | 08386: | 084219 
122 | | 086359 } 036716 | 087071 | 087426 | 0877381 
123 | o89gog | 090258 | ogobio | ogogez | ogrzng 
124 | | £93422 | 093772 | 094122 | 094471 | 094820 
125 | | c96910 | 097257 | 093604 | 097951 | 098298 
126 | | :00371 | 1co715 | 101059 | 101403 | 101747 
127 | | 103804 | 104146 | 104487 | 104828 | 105169 
128 f | 107210 | 107549 | 107888 | 108227 | 108565 
129 | | 110589 | 110926 | 111263 | 111599 | 111934 
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La 
| 
fel» j+]+ NÞ| 
"ls RFI OR — 4 3 
| oc2166 |} 002598 | 003029 | 003461 | 003891 432 
006466 | 006894 | 007321 | 007748 | 008174 428 
e 011147 [01570 | 011993 | 012415 424 
014940 | 015359 | 015779 | 016197 | 016616 | | 419 
o19116 | 019532 019947 | 020301 | 020775 | | 416 
— — ral 4 
023252 023664 | 024075 | 024486 024895 | | 412 
027349 | 027757 | 028164 | 028571 | 028978 408 
031408 | 031812 | 032216 032619 | 033021 | 404 
035429 | 035829 | 036229 | 036929 | 0370288 | | 400 
039414 | 039811 | 040207 | 049093 { 040998 496 
043308 | 043755 | 044148 044539 044932 | |} 393 
047275 | 047664 | 04805 ; | 048442 | 048810 | 389 
051153 91857 051924 [52309 |] 052694 | 336 
034990 | 055378 | 055700 on | renee 382 
038505 03985 95950 ©59942 | 000140 370 
—— ; — — — . . 
062582 062958 003333 j 0637cg | 064082 $76 
056326 | 066699 | 067071 | 067443 | 067815 | 372 
| 070038 | 070407 | 070776 | 071145 [0715 4] | 369 | 
( 073718 | 074085 | 07445: | 0748:6 075182 | 366 
| 077368 977731 078044 | 0784.7 o758:9] | 363 | 
080987 | 081347 | 051707 | 082067 082426 | 300 | 
| 084576 084934 |} ©3529i | | 085647 086004 | 357 
| 088136 | 088490 | 088845 | 089499 oogs52 | 355 
| £91667 092018 | £92359 | og | 093071 4 351 | 
Og5 169 | 095518 | 095866 096215 8562 | 349 | 
098044 98989 | cg93y5 | £9973: 27. 310 | 
{ 102091 | 102434 | 102777 | 103+19 | 163452 343 
103510 | 105851 | 106191 | 106531 10687 | 340 
| 10390; | 109241 | 109579 109916] 110253 | | 338 
| [2009-1 112605 | 112949 | 113275 | 113609 - 335 


A 3 


— 
— 


”- 
- - 4. I ORs. 


">. 


4 —— — — e — 
* * 


| 


| 


—_— 


| 


| 
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130 113943 | 114277 | 114611 | 114944 | 115278 
131 117271 | 117603 | 117934 | 118265 | 118595 
132 | 120574 120903 | 121231 | 121559 | 121888 
133 123852 | 124178 | 124504 | 124830 | 125156 
134 | 127105 127429 127753 128076 128399 
135 | | 130334 | 130655 | 130977 | 131298 | 131619 
135 133539 | 133358 | 134177 | 134496 | 134814 
137 | 1136721 1137037 [| 137354 | 137671 | 137987 
138 139879 | 140194 | 140508 140822 | 141136 
139 | | 143015 [| 143327 | 143639 | 143951 | 144263 
140 | | 146128 | 146438. | 146748 | 147058 | 147367 
141 | | 149219 | 149527 | 149835 | 150142 | 150449 
142 152288 | 152594 | 152899 | 153205 | 153509 
143 155336 | 155639 | 155943 | 156246 | 156549 
144 | | 158362 | 158664 | 158965 |] 159266 | 159567 
145 | | 161368 | 161667 | 161967 | 162266 | 162564 
146 | | 164352 | 164650 | 164947 | 165244 | 165541 
147 | | 167317 | 167613 | 167908 | 168203 | 168497 | 
148 [PEE 170555 | 170848 | 191141 | 171434 
149 | | 173186 | 173478 | 173769 | 174059 | 174351 
150 | | 176091 | 176381 | 176669 | 176959 | 177248 | 
151 178977 | 1979264 | 179552 | 179829 | 180126 
152 181844 | 182129 | 182415 | 182699 | 182985 
153 | | 184691 1 185259 | 185542 | 1835825 
154 187821187803 | 188084 | 188316 | 188647 
158 | | 190332 | 190612 | 190892 | 191171 | 191451 
156 | | 193125 | 193403 | 193681 | 193959 | 194237 
157 | | 195899 | 196176 | 196453 | 196729 | 197005 | 
158 198657 | 198932 | 199206 | 199481 | 199755 
159 201397 | 201670 | 201943 | 202216 | 202488 
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LOG ARITITT H MS. 17 
; NN — — 
$ | 6 | 7 | 5 | 9 [| D 
— RPERNIE TARA 7 ITN 
. 0-0 adorns — . — 2 . a_— Hy. on 
118611 | 115943 | 116276 | 116608 | 116939 [J 333 
118926 119256 [119586 | 119915 | 120245 | | 330 
122216122544] 122871 128195 123525 326 | 
1125481 125806126131 126456 [126781 | 325 4 
128722 129045 129368 | r2g68g 13002 323 
| 131935 | 132259 132579 | 132899 | 1332ig | [321 
135133 | 135451 | 135769 | 136086 130403 318 
| 138303 | 138618 | 138934 | 139249 | 139564 | f 315 
141449 | 141763142076 142389 14792 314 
144574 | 144885 | 145196 | 145507 | 145818 | | 331 
1 — —— 
147676 | 147985 | 148294 | 148603 | 143911 j j "309 F 
| | ' < | | « 
159756 | 151063 | 151369 | 151676 151982 | 307 
| I53815 | 154119 | 154423 154728 155032 305 
186852 187154 157457 | 137759 5806130, 
159868 | 160168 160469 | 1 9769 | 161068, | Zoi 
162863 ES . 163459 | 163758 Recor, | | 299 
165838 | 166134 166430 | 166726 | 167022 | 297 
168792 | 169086 | 169380 69674169968 295 
1171726 172019 172311 172623 172895 | 293 
En 174932 175222 175512 | 175802 | 291 
177536 | 177825 [778113 178401 | 178689, 289 | 
| 080143 | 180699 | 180986 | 181272 | 181558 287 
183269 | 183555 | 183839 18423184400 285 
1185108 186674 | 186674 [186956 [187229 283 
188928 8.1 186490 189771 | 190051 1299 
191730 192 oog | 192 289 j 192567 192846 T7 229. 
194514 194792195059 9534695023] | 272 
197281 | 197556 | 197532 198107 198382 276 
200029 | 200303 | 200577 200850 201124 | | 274 
| 202761 | 203033 | 203303 | 203577 1 203848 l 272 
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205475 205746 | 206016 | 206286 206556] | 271 
| 208173 208441 | 208710 | 208975 | 209247 269 
210853 | 211121 | 211388 211654 | 211921 267 
4 213518 | 213783 | 214049 | 214314 | 214579 266 
216166 | 216429 | 216694 | 216957 | 217221 | | 264 
i 218798 | 219060 | 219323 | 219585 | 219846 j | 262 

221414 | 221675 | 22i936 | 222196 | 222456 261 
| 224015, | 224274 | 224533 [224791 | 225051 259 
1226599 [226858 227115 | 227372 227629 258 
229169 | 229426 | 229682 | 229939 230193 256 
1 231724 | 221979 | 232234 | 232488 | 232746 254 
| 234204 | 234517 | 234770 | 235023 | 235276 | | 253 
236789 | 237041 | 237292 | 237544 | 237795 | | 252 

239299 | 239549 | 239799 | 24c049 | 240299 | | 250. 
E 242044 | 242293 242441 | 242789 | | 249 
244277 | 244525 | 244772 | 245019 | 245266 | | 248 
246745 | 240991 | 247257 | 247482 | 247728 | | 246 
248198 | 249443 | 249657 } 249932 | 250176 | | 245 
251638 | 251881 | 252125 | 252368 | 252610 243 
254004 | 254306 | 254548 | 254789 | 255031 | | 242 
256477 | 256718 | 256958 257198 | 257438 | 241 
258877 | 259116 | 259355 | 259594 | 259833 239 
a61263 | 261501 | 261739 [261976262214 238 
203630 | 263873 | 264109 | 2643436 | 264582 237 
265996 | 266232 | 266467 | 266702 | 266937 235 
| 268344 | 268578 | 268812 | 269045 | 269279 234 
270079 | 270912 | 271144 | 271377 271609 233 
273001 | 273233 |} 273464 | 273590 273927 232 
ſ 275311 | 275542 | 275772 | 276002 | 276232 230 
| 277609 | 277838 } 278067 | 278296 278525 229 
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LOG ARIT HMS. 11 
4888 — - — | 
3 7 8 9 2 
279895 | 280123 | 280351 | 280578 | 280806 228 
282169 | 282396 | 282622 | 282849 | 283075, 227 | 
284431 | 284656 | 284882 | 285107 | 285332, 226 
286681 | 286905 | 287129 | 287354 | 287578 225 | 
288919 | 289143 | 289366 | 289589 | 289812 | | 223 
291147 P 291369 | 291591. 291813 | 292034 222 
293302 | 293584 | 293804 | 294025 | 2942464] | 221 
295567 | 295787 | 296007 296226 | 296446 | | 220 
297761 | 297979 | 298193 [298416 | 298635 | | 219 
299943 | 300161 | 300378 | 3ooggs | 300813 218 
302114 | 302331 | 392547 | 302764 | 302979 | | 217 
304275 | 304491 | 304706 | 304921 | 305136 216 
306425 | 306639 | 306854 | 307068 | 307282 | | 215 
308564 | 308778 | 308991 | 309204 | 309417 | | 313 
310693 | 310906 | 311118 | 311330 | 311542 212 | 
312812 313023 313234 313445 313656 211 
314920 | 315130 | 315340 315551318750 210 
317018 | 317227 | 317436 | 317646 | 317854 | | 209. 
319106 | 319314 | 319522 | 319730 | 319938 208 
321184 | 321391 | 321598 | 321805 | 322012 207 
323252 | 323458 | 323665 | 323871 | 324077 | | 206 } 
325310 | 325516 | 325721 | 325926 | 326131 205 
327359 | 327563 | 327767 | 327972 | 328176 | 204 
329398 | 329601 | 329805 | 330008 | 330211 | | 203 
331427 | 331629 | 331832 | 332034 | 232236 | | 202 | 
333447 | 333649 | 333850 | 334931 | 334253 | | 202 
335458 | 335058 | 335859 | 330059 | 330259 | | 201 
337459 | 337059 | 337858 | 338058 | 335257 } | 200 
339451 | 339050 | 339549 | 340047 | 34024. 199 
341632 | 341830 | 342028 1 298 
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220 342422 * 342817343014 343212 
221 | | 344392 | 344589 34475 344981 | 345178 
222 | | 346353 | 346549 J 340744 | 346939 | 347135 
223 | | 348305 | 348499 | 348094 | 348889 | 349083 } 
224 | | 359248 | 350442 | 350636 | 350829 | 351023 
225 | | 352183 | 352375 | 352568 | 352761 | 352954 
226 | | 354108 | 354301 | 354493 | 354685 | 354876 
227 | | 356026 | 356217 | 356408 | 350599 | 356790 
228 | | 357935 | 358125 | 358316 | 358506 | 358696 
229 | | 359835 | 360025 | 360215 | 360404 | 360593 
230 | | 361728 | 361917 | 362105 | 362294 nada! 
231 363612 363799 | 353988 | 364176 | 304363 
232 395488 | 305675 > hong! 366049 | 366236 
233 | | 357356 | 367542 | 367729 | 367915 | 368101 
234 | | 369216 | 369401 | 369587 | 369772 | 309958 
235 | | 371068 | 371253 | 371437 | 371622 371600) 
236 | | 372912 | 373096 | 373279 | 373464 | 373647 
237 374745 4 374932 375115 | 375298 | 375481 
238 | | 376577 | 376759 | 376942 | 377124 377306, 
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| 602603 602711 602819 | 602928 603036 | | 108 
603686 | 603794 | 603902 | 604009 | 604118 108 
604766 | 604874 604982 | 605089 | 605197 | | 108 
605844 | 605951 | 606059 | 606166 | 606274 | | 108 

| 606919 | 607026 607133 | 607241 607348 — 

—— — — 

1 607991 | 608098 | 608205 | 608312 | 608419 | | 107 

| 009061 | 609167 | 609274 | 609381 | 609488 | | 107 

1610128 | 610234 | 610341 | 610447 | 610554 107 

1 611192 | 611298 | 611405 | 611511 | 611617 106 

| 612254 | 612359 ] 612466 | 612572 | 612678 106 J 

| 613313 | 613419 | 613525 | 613630 | 613736 | 106 
614369 | 614475 614581 614686 614792106 

16144 615529 | 615634 | 615739 | 615845 | | 105 
616476 | 616581 | 616686 | 616790 | 616895 105 1 

1617525 | 617629 | 617734 | 617839 | 617943 | | 105 | 

1 618571 1 618676 | 618780 | 618884 | 618989 | 1059 : 

\ 619615 | 619719 619824 j 619928 J 620032 104 

| 620656 | 620760 | 620864 | 620968 | 621072 | | 104 
621695 | 621799 | 621903 | 622007 | 622110 104 

| 022732 622835 | 622939 |] 623042 | 623146 104 | 
623766 | 623869 623973 | 624076 624179. | 103 
624798 624901 | 625004 J 625107 | 625209 | | 103 
625827 | 625929 | 626032 | 626135 | 626237 103 
626853 | 626956 | 627058 | 627161 | 627263 103 
627878 | 627979 | 628082 J 628185 | 628287 102 
* — — conn—gis | 
628899 | 629002 | 629104 | 629206 | 629308 | 11031 
629919 | 630021 | 630123 | 630224 | 630326 102 
630936 { 631038 | 631139 | 631241 | 631342 | | 102 
031951 | 632052 | 632153. | 632255 [ 632356 101 | 

| 032963 633004 633165 | 633266 | 633367 | | 1a1 | 
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x | 0 | „ 4 
430 | | 633468 | 633569 | 633670 | 633771 633872 
431 34527 034578 634679 634792 | £34880 
432 35484 | 6355! 71 635085 | 635785 635886 
433 E 636588 | 63668 658780 636889 
1637489637589 637589 637780 637889 
43 13587 638589 638689 638789 | 638888 
439 | | 639486 | 639586, 639686 639785 | 639885 
437 1640481 640581 | 640680 | 640779 | 640879 
438641474 641573 |.641672 | 641771 | 641871 
439 | I 642405 | 642563 642662 642761 | 642860 
449 | | 643453 | 643551 | 643 550 663740 643847 
441 | | 644439 | 644537 | 644636 . 54475464455 
442 | | 645422 | 645521 | 645619 | 645717 54850 
443 | | 545404 | 646502 640599 | 545698 | 640796 
444 | | 647383 | 647481 | 647579 647676 1 647774 
445 | 648360 | 648458 | 648555 | 648653 j 648750, 
445 | | 649335 | 049432 | 649529 | 649627 650500 
447 | | 650308 | 650405 | 650502 | 650599 I 
448 | 651578 651375 | 051472 E 
1449 | 1 652246 | 652343 652439 | 652536 | 65263; 
| 459 | | 653213 653309 | 653405 6535 653898 
550 654177 | 654273 | 654369654465 | 654562 
452 655138 | 655235 | 655321 | 655427 | 055523 
453 | | 656098 | 636194 656259 | 656386 | 656482 
454 1 | 657956 | 657152 | 657247 657343 | 657438 
455 ) | 658011 | 658107 | 658202 | 57795 1658393 
456 | | 658965 | 659060 | 659155 | 659250 659340 
457 659916 | 660011 | 660106 | 650201 | 660290 | 
458 660865 | 660960 | 661055 | 661149'] 661245 
459 | 661813 661907 662002 | 662096 J 662191 
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633973 | 634974 | 634175 | 634276 | 634376 | | 100 
34981 | 635081 | 635182 | 635283 35383 100 
635986 | 636087 | 636187 | 636288 | 636388 100 
636989 | 637089 | 637189 | 637289 | 637389 oo 
637989 | 638089 | 638189 638289 638389 99 
| 638988 | 639088 | 639188 | 639287 | 639387 | | 99 
639984 | 640084 | 640183 | 640283 | 640382 99 
640978 641077 | 641177 | 641276 | 641375 99 
641969 | 642069 | 6421068 642267 423 99 
642959 | 643058 | 643156 | 643255 | 643354 | ] 99 
643946 | 644944 | 644143 J 644242 | 644340 | | 98 
644931 | 645029 | 645127 | 645226 | 645324 98 
645913 | 646011 | 646109 | 646208 | 646306 | | 98 
646894 | 646992 | 647089 | 647187 | 647285 98 
647872 | 647969 | 648067 | 648165 | 648262 | | 98 
648848 | 648945 | 649043 | 649140 | 649237 | | 97 
649821 | 649919 | 65001 50113 | 650210 97 
650793 | 650890 | 650987 | 651084 | 651181 97 
651762 | 651859 | 651956 | 652053 | 652149 | 97 
652729 | 652826 | 652923 | 653019 | 653116 97 
| 653695 | 953791 | 653888 | 653984 | 654080 96 
654558 | 654754 | 654850 654940 655042 96 
655619 | 655715 | 655810 | 655906 | 656002 | | 96 
656577 | 656673 | 656769 | 656864 | 656960 96 

$7534 | 657629 | 657725 J 657820 | 657916 90 | 
658488 | 658584 | 658679 | 658774 | 658869 95 
659441 | 659536 | 659631 | 659726 | 659821 95 
60394 | 660486 | 660581 | 660676 | 660771 | 95 

| 661339 | 661434 | 661529 | 661623 | 661718 95 | 
662286 | 662380 | 662475 | 662569 | 662663 | | gx 
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671080 
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$ 490 15 655395 690373 690462 | 6905 50 
1491 691081 | 691169 | 691258 | 691347 | 691435 
1492 691965 | 692053 692142 692229 | 692318 
493 692847 | 692935 | 693023 | 693111 | 693199 
| 49+ | | 693727 | 693815 | 693903 | 693991 | 694078 
495 | | 694605 | 694693 | 694781 | 694868 | 694956 
496 695482 | 695569 | 695657 | 695744 | 695832 | 
497 696356 | 696444 | 696531 | 696618 | 696706 
498 | | 697229 | 697317 | 697404 | 697491 | 697578 
499 | | 698101. 698188 | 698275 | 698362 | 698449 
| 500 | | 698970 | 699957 | 699144 | 699231 | 699317 
501 699838 | 699924 | 700011 700098 | 700184 
502 700704 | 700790 | 700877 70 963701049 
} 503 701568 | 701654 | 701741 | 7c1827 | 701913 
504 | | 792430 | 702517 | 702503 | 702689 | 702775 
505 | | 703291 | 703377 793463 | 703549 | 703635 
506 794131 | 704236 | 704322 | 704408 | 704494 | 
| 507 | | 705908 | 705094 | 703179 | 703265 | 705350! 
508 | | 705863 | 705949 | 706035 | 706120 | 506206 
| 509 | | 799715 | 706803 | 706888 | 705974. | 707059 
510 | | 702570] 707655 | 707140 707826 | 77911 
511 708421 | 708505 | 708501 | 703676 | 708761 
512 | | 709269] 709355 | 709439 | 709524 | 709609, 
* 710117 | 710202 | 710287 [770371 710456 
5 | 710963 | 711048 | 711132 | 513217 | 711301 
1 75 515 F 711976 | 712060. 712144 N 
1516 712649 | 712734 | 712818 | 712902 | 7i2956| FF 
1517 713491 | 713575 | 715659 | 713742 | 713826 
* 1 714414 | 714497 | 714581 | 714665 
[519 | 1 715259715335 [718418 
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69039 690728 | 690816 | 69090; | 690993 | | 8? 
691524 | 691612 | 691700 | 691789 | 691877 88 
692406 | 692494 | 692583 | 692671 | 692759 | | 88 
693287 | 693375 | 693463 | 693551 | 693539 88 
694166 | 694254 | 694342 \ 694429 | 694517 | | 88 

| 695044 | 693131 | 695219 | 695307 | 695394 | | 38. 
695919 | 696007 | 696094 | 696182 | 696269 87 
| 696793 | 696880 | 696968 | 697055 | 697142 | | 87 
697665 | 697752 | 697839 | 697926 | 698014 | | 87 
698535 | 698622 | 698709 | 698796 | 698883 87 
699494 | 699491 | 699578 | 699664 | 699751 | | 87 
700271 | 700358 | 700444 | 700531 | 700617 87 
701136 | 501222 | 701309 | 701395 | 701492 | 36 
701999 | 702086 | 702172 | 702258 | 702344 | | 26 

702861 | 702947 | 703033 7031 Ig | 703205 | 86 

73721 | 703807 | 703893 | 703979 | 704065 | | 86 
704579 | 704665 | 704751 | 704837 | 704922 | | 86 
705436 | 705522 | 705607 | 705693 | 705778 $6 
700291706376 | 700462 | 706547 | 706632 85 
707144 | 797229 | 707315 | 707399 | 707485 | | 55 
707996 | 708081 708166 | 708z51 | 503336 85 
708845 708931709015 | 709100 | 70g185 3 
709694 | 709779 | 709863 | 709948 | 710033 | | $8; 
710540 | 710625 | 710709 | 710794 | 71e8%g | | 85 
(714385 | 711469 | 711554 | 711639 | 711723 | | 84 
712229 | 712313 712397 712481 712566 17 34 

* | 713070 | 713154 | 713238 | 713322 | 713407 84 
* | 713910 | 713094 ; 714078 | 714162 | 714246 | | 84 
*| 714749 | 714833 | 714916 | 714999 | 715084 84 
| 715586 | 715669 | 715753 | 715236 | 715919 | 84 
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520 | | 716003 | 716087 716170716254 

521 716838 716921 | 717004 | 717088 | 717171 
522 | 717671 | 717754 | 717837 | 717920 | 718003| 
523 | 718502718585 | 718668 | 718751 | 718834 
524 | | 719331 | 719414 | 719497 719579 | 719663 
525 | |] n 720242 | 720325 | 720407 | 720490 
526 | | 720986 | 721068 721151 | 721233 | 721316 
527 | | 721811 | 721893 721975 722058 722140 
528 | | 722634 | 722716 | 722798 [722881722963 
529 | | 723456 | 723538 þ 723619 | 723702 | 723784 
530 | | 524256 | 724358 | 724439 | 724522 | 724604 
531 | | 725095 de ba 725258 | 725339 (-725422 
532 | | 725912 | 720785 726075 | 726156 J 726238 
533 726727 859 726890 | 726972 | 727053 
534 | | 727541 ot 623 | 727704 | 727785 | 727866 
535 | { 728354 | 728435 | 728516 | 728597 | 728678 
536 729165 | 729246 | 729327 | 729408 | 729489 
537 729974 | 739055 | 730136 | 730217 | 730298 
538 730782 730863 730944 | 731024 | 731105 
539 & | 731589 1731669 731749 | 731830 | 731911 
549 | | 732394 732474 732555 | 732635 | 732715 
541 | | 733197 | 733278 | 733358 | 733438 | 733518 
542 | | 733999 | 734979 | 734159 | 734239 | 734319 
543 | |. 734799 | 734879 | 734959 | 735039 | 735119 
544 | 735599 | 735679 | 735759 735838 | 735918 
545 | | 736397 | 736476 | 736556 | 736635 | 736715 
546 | | 737192 | 737272 | 737352 [73743173761 
547 | | 737987 | 738067 | 738146 | 738225 | 738305 |Þ 
548 | | 738781 | 738859 | 73*939 739018 739097 
549 | } 739572 | 739651 | 739731 3899738855 
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776421 NN 716588 | 716671 | 716754 | | 83 | 
1 | 717254 | 717338 | 717421 | 717504 | 717587 | | 83 

11 718086 | 718169 | 718253 | 718336 | 718419 8 
171897718999 | 719083 | 719165 [719248 | | 83 | 
TW [729745 | 719828 | 719911 | 719994 | 720077 | | 33 | 
| 720573 |) 720655 | 720738 | 720821 | 720903 | | 83 
5 721398 | 721481 | 2910035 721646 | 721728 | 82 | 
9 722222 | 722305 | 722387 | 722469 722552 82 | 
3 723045 | 723127 | 723209 | 723291 | 723374 | | 82 
4 [7 723866 [ 723948 | 724029 | 724112 | 724194 | | 4 
1724685 | 724767 | 724849 | 724931 | 725013 | | 82 | 
41 - 725503 | 725585 | 725667 | 725748 735829 | 82 
8 726319 726401 | 726483 | 726564 | 726646 | 82 

31 [| 727134 | 727216 | 727297 | 727379 727439 81 

66 1727948 728029 | 728110 | 728191 | 728273 81 

81 7 72884 | 728922 | 729003 | 729084 | | 81 | 
91 | 729599 | 729651 | 729732 | 729313 | 725893 | | £1 | 
81 730378 739459 730540 730621 730702 81 
5 1731196 731265 | 731347 | 731428 | 731508 | 81 | 
bi ; 731991 | 7 FT 3SO7R | 733036 1 PARTY 3 73830S. a oi | 
1732796732876 | 732956 | 723037 | 733117 80 
733598733679 | 73:759 | 733839 | 733919 | | 80 
91 | 734399 | 734479 | 734559 | 734639 | 734719 | | 8 | 
21 1735199 | 735279 | 735359 | 735439 | 735519 | | 80 {| 
BY {735998 | 736078 | 736157 | 736237 1 736417 | 1 Bo | 

I ; . 

5 5 73 736954 | 737934 737113 ; 8 | 
nk Þ 737590 737669 | 737749 | 737829 | 737908 | | 79 

51738384 | 738463 | 738543 | 738622 | 738721 1 | 79 | 
„ © 739077 | 739250 | 739335 | 739414 | 739493 | 0 

"I 7 39968 749047 | 740126740205 þ 740284 I i 79 
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740363 
| 741152 
741939 
742725 
743599 . 


740442 
741230 
742018 
742804 
743588 


740521 
741309 


743667 


742096 
742882 


740599 | 
741388 
742175 
742901 
1743745 


744293 
745975 
745855 
746634 


| 747412 | 


744371 
745153 
745933 
746712 
747489 


744449 
745231 


746011 
746789 


747507 


744528 
745309 
746089 
746868 


747045 


748188 | 


748963 
749736 
750508 


7512791 


748266 
749040 
| 749814 
7505 86 
751356 


749178 
749891 


750663 | 7 


751433 


748343 | 


748421 

749195 

749968 | 
750739 
7515 10 


752048 
752810 
753583 
754348 


755112 


— 


752125 
752893 
753659 
754425 
755189 


752202 
752969 
753736 
754501 


755265 


752279 
753047 
753813 
754578 
755341 
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755875 
756636 
757396 
758155 


753912 


755951 
756712 
757472 
758230 
758988 


756027 
756788 
757548 


759063 


758306 


756103 
756864 


757624 
758382 
759139 


759668 
760422 
761176 
761928 


| 702078 


759743 
760498 
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759819 
760572 
| 761325 
762078 
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749757 | 749836 | 740915 | 740994 | 741073 | | 79 
741546 | 741024 | 741703 | 741782 | 741860 | | 79 
q 742332 | 742411 | 742489 | 742598 | 7426047 | | 79 
743118 | 743196 | 743275 | 742352 | 743431 | þ 78 
743992 1 743979.1 744958 { 744135 1 744215 78 
1— Wen 
744684 | 744762744840 | 744919 | 744997 [ 78 
745405 | 745543 | 745021 | 745699 | 745777 | | 78 
746245 | 740323 | 746401 | 746479 | 746556 | | 78 
747023 | 747101 | 747179 | 747250 | 747334 | | 78 
747800 | 747878 | 747955 | 748033 | 748119 | | 78. 
' : Sy” p 0 = 1 4 1 
748576 | 748653 | 748731 | 748808 | 748885 | | 77 
749349 | 749427 | 749504 | 749582 | 749659 | | 77 
1 752123 | 750199 | 750277 | 750354 | 750431 | | 77 
750894 | 750971 | 751048 | 751125 | 751202 77 
1 751664 | 753741 | 751818 | 751895 | 751972 | |. 77 
| 752433 752509 | 752586 þ 752663 | 752739 | þ 77 
753199 | 753277 | 753353 | 753429 | 753506 | | 77 
753966 | 754042 | 754119 | 754195 | 754272 | | 77 
754730 | 754807 | 754883 | 754959 | 755036 | 76 
755494 | 755569 | 755646 | 755722 | 755799 | | 76. 
750256 | 756332 | 756408 | 756484 | 756560 | | 76 
757016 f 757092 | 757168 | 757244 | 757320 f 76 
757775 | 757851 | 757927 | 758003 |. 758979 | | 76 
788533 | 758609 758685 þ 758701 | 758830 | | 76 
759290 | 759396 | 759441 Þ 759517 | 759592 [., 75 
| 760045 | 760121 | 760196 750272 | 760347 . 75 
25799 | 790875 - 700549 761025 | 791101 75 
761552761627 | 761702 | 761778 | 761853 6 
762303762378 | 762453 | 762529 | 762604 75 
753053 763128 | 703203 | 762279 | 763353 | | 75 
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580 | | 763428 | 763503 | 763378 | 763653 
581 764176 | 764251 | 764326 | 764400 
582 764923 | 764998 ! 765072 | 765147 

| 583 765669 | 765743 | 705818 | 765892 
584 | | 766413 | 766487 | 766562 | 766636 

| 585 | | 767156 | 767230 | 767304 | 767379 
585 767898 | 767972 | 768046 | 768119 

587 768638 | 768712 | 768786 | 768860 

| 588 | | 769377 | 769451 | 769525 | 769599 

589 770115 | 770189 | 770263 | 770336 | 770410 

| | M 

590 | | 770852 | 770926 | 770999 | 771073 | 771146 
591 771587 | 771661 | 771734 | 771808 | 771881 
592 | | 772322 | 772395 | 772468 | 772542 | 772615 
593 | | 773955 | 773128 | 773201 | 773274 | 773348 
594 773786 | 773859 | 773933 | 774006 | 774079 
595 774517 | 774589 | 774663 | 774736 | 774809 
596 775246 | 775319 | 775392 | 775465 | 775538 
597 | | 775974 | 776047 | 776119 | 776193 | 776265 | 
598 | | 776701 | 776774 | 776846 | 776919 | 766992 
599 | 777427 1777499 | 777572 | 777644 | 777717 | 
600 778151 | 778224 | 778296 | 778368 | 778441 
601 778874 | 778947 | 779019 | 779091 | 779163 
602 779596 | 779669 | 779741 | 779813 | 779885 
603 780317 | 780389 | 780401 | 780533 | 780605 | 
604 781037 | 781109 | 781181 | 781253 | 781324. 
605 781755 | 781827 | 781899 281971 782042 
606 782473 | 782544 | 782016 | 782088 | 782759 
607 | | 783189] 783260 | 783332 | 783403 | 783475 | 
608 | | 783904 783975 724046 | 784118 | 784189 
609 | | 784617 | 784589 | 784759 | 784831 | 784902 | 


ww” 


32 


nn MN 


„ ftw 


37 
F 
e ee PE oy 
| 7603002 | 703877 | 793052 | 764027 | 764101 75 
754549 | 704624 | 764699 | 704774 | 704848 75 
7.5296 | 705370 | 705445 | 7055i9 | 765594 75 
66041 | 766115 | -66189 | 766264 | 766338 74 
766785 | 766859 | 766933 | 767007 | :67082 74 
| —— 
767527 | 767601 | 767675 | 707749 [78.3 74 | 
| 768268 | -08242 | 768416 | 768490 | 768564 74 | 
769008 | 769082 | 769156 | 769229 | 769303 74 | 
769746 | 769820 | 769894 | 769968 | 770042 74 | 
770484 | 770557 | 770631 | 770705 | 770778 74 | 
| 771219 | 771293 | 771367 | 771440 | 771514 74 
771955 | 772028 | 772102 | 77217, | 172248 73 
772688 | 772762 | 772835 | 772908 | 772981 73 
773421 | 773494 | 773507 | 773040 | 773713 73 
—.—— 774225 [774298774371 774444 73 | 
774882 | 774955 | 775028 | 775100 | 775173 73 
775610 | 775683 | 775750 | 775829 | 775902 73 
776338 | 776411 | 776483 | 776556 | 776629 73| 
777064 | 777137 | 777209 | 777282 | 777354 73 
777789 777862 | 777934 | 778006 | 778079 72 | 
_ U 
778513 | 778585 | 778558 | 778729 | 778802 72 | 
779236 | 779308 | 779380 | 779452 | 779524 72 
779957 | 780029 780101 780173 780245 7 | 
780677 | 780749 | 789821 | 7380893 | 780965 72 | 
781396 | 781468 | 781539 | 781612 | 781684 72 | 
— 3 ad Þ 
782114 | 782186 | 782258 | 782329 | 782401 72 | 
782831 | 782902 | 782974 | 783040 | 783117 2 
783546 | 783618 783689 | 783761 | 783832 71 
784261 | 784332 | 784403 | 784475 | 7345406 71 
784974 | 785045 | 785116 | 785187 | 785259 71] 
— ——— — FT EL: . Conor — 
O 3 


— 
* 


38 LOS ATLITHNE 
N | . a | : | 3 | 4 
— . * a | —— — | 
6ro | '| 785329 | 785401 | 785472 | 785543 | 785615 
611 786041 | 786112 | 786183 | 786254 | 786325 
612 | | 786751 | 786822 | 786893 | 786964 | 787035 
613 787460 | 787531 | 787602 | 787673 | 787744 
014 788168 | 788239 | 788309 | 788381 | 788451 
615 | | 788875 | 788946 | 789016 | 789087 | 789157 
616 789581 | 789651 | 789722 | 789792 | 789863 
617 290285 | 790356 | 790426 | 790496 | 790567 
618 790388 | 791059 | 791129 | 791199 | 791269 
619 | | 791*9: | 791761 | 791831 | 791901 | 791971 
620 792392 | 792462 | 792532 | 792602 292672 
621 793092 | 793162 | 793231 | 793301 | 793371 
622 | | 793791 | 793860 | 793930 | 793999 | 794069 
623 794488 | 794558 | 794627 | 794697 | 794707 
624 | | 795185 | 795254 | 795324 | 795393 | 795463 
625 [795880795949 | 796019 | 796088 | 796158 | 
626 799574 | 799644 | 796713 | 796782 | 796852 
027 797208 | 797337 | 797400 | 797475 | 797545 
628 | | 797959 | 798029 | 798098 | 798167 | 798236 
629 | | 798651 | 798719 | 798789 | 798838 | 798927 
630 | [799341 | 799499 | 799478 | 799547 | 799616 
| 031 800029 | 800098 | 800167 | 800236 | 800305 
632 | | 800717 | 800786 | 860854 | 800923 | 800992 | 
633 | | 801404 | 801472 | 801541 | 801609 | 801678 
634 | | 802089 | 802158 | 802226 | 802295 | 802363 
| 635 802774 802842 | 802910 802979 | 803047 
636 803457803525] 803594 | 803662 803730 
037 804139 | 804208 | 804276 | 804344 | 804412 
| 038 | | 804821 | 804889 | 804957 | 805025 | 805093 
639 | | 805301 | 805569 | 805637 | 805705 


— 


7 


* 


„„ 000 a 


— 
» — 


1 0 0 


— — 
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(. 


4 
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785686 | 785757 | 785828 | 785899 | 785970 | | 71 
786396 | 786467 | 786538 | 786609 | 786680 | | 71 
787106 | 787177 | 287248 | 787319 | 787389 | | 71 
| 787815 | 787885 | 787956 | 788027 | 788098 71 
788522 788593 | 788663 | 788734 | 788804 | |} 71 
789228 | 789299 | 789369 | 789439 789510 71 
789933 | 790004 | 790074 | 790144 | 790215 70 
| 799637 | 790707 | 790778 | 790848 | 790918 70 
791339 | 791499 | 791480 | 791550 | 791620 70 
792041 | 792111 | 7921581 | 792252 | 792322 | 70 
792742 | 792812 | 792392 | 792952 | 793022 79} 
793441 | 793S11 | 792581 | 703651 | 793721 70 
794139 | 794209 794279 | 754349 | 794418 70 
| 794830 | 794900 | 794976 | 795045 795118 | | 70 
795532 | 795002 | 795672 | 795741 | 795810 70 
796227 | 799297 | 796366 | 796436 | 796505 | | 69 | 
796921 | 796990 | 797059 | 797129 | 797198 | | 69 
797614 | 797683 | 797752 | 797821 | 797890 69 
7953095 | 798374 | 798443 [8513798582 69 | 
798996 | 799065 | 799134 | 799203 | 799272 69 | 
799685 | 799754 | 799323 | 799892 | 799961 69 
800373 | 800442 | 800c11 | 800579 | 800648 69 
801061 | 801129 | 801198 | 801266 | 801335 69 
801747 | 801815 | 801884 | 801952 | 802021 69 
802432 | 802500 | 802568 | 802637 | 802705 69 
903116 803184 803252 | 803321 | 803389 68 
803798 | 803867 | 803935 | 864c03 | 804071 68 
804480 | £04548 | 804616 | 304685 | 804752 68 
| | 805161 | 805229 | 805297 | 805365, | 805433 68 
2 805908 | 805976 | 526044 612 63 


| | | | | | 
N O J 2 1.48 
LEES. 
| 640 806179 | 806248 | 806316 | 806384 | 806451 
| 641 | 806858 | 80626 | 806994 | 807061 | 807129 
642 | 807335 | 807603 | 807670 \ 807738 | 807806 
| 643 808211 | 806279 808340 | 808414 | 808481: 
644 | 808886 | 808953 | 809021 | 80go88 | 809156 
645 1 809559 | 809627 | 809694 | 809762 | 809829 
646 | 810233 | 810299 | 810367 | 810434 21801 
647 810904] 810971 | 811039 | 811106811173 
| 648 811575 | 811642 | 811709 | 811776811843 
| 649 812245 | 812312 812379 | 812445 812512 
| — —F— — 
650 | 812913 | 812980 | 813047 | 813114 | 813181 
651 813581 | 813648 |] 815714 | 813781 | 813848 
652 814248 | 814314814381 814447 | 814514 
| 653 J 814913 ] 814979 | 815046 | 815113 | 815179 
654 | 815578 | 815644 | 815711 ] 815777 | 815843 | 
| 655 | 816241 | 816308 | 816374 | 816440 816506 
656 816904 | 816970 | 817036 | 817302 | 817169 
657 817565 | 817631 | 817698 | 817764 917829 
658 818226 812292 | 818358 | 818424 | 818489 
| 659 818885 | 818951 | 819017 3819083 | 819149 
660 | 819543 i 819609 | 819676 | 819741 | 819807 
661 | 820201 | 820207 | 820333 | 820399 | 820464 
662 | 820858 | 820924 | 820989 | 821055 | 821120 
663 821514 | 821579 | 821645 | 821709 | 821775 
664 822168 | 822233 | 822299 | 822364] 822429 
665 | $22822 | 822887 | 822952 | 823018 | 823083 
666 8231741823539 | 823605 | 823669 | 823735 
667 | £24120 | £24191 | 324256 | 824321 | 824386 
| 668 85 2476 | 824841 | 824906 | 824971 | 825036 
| 4 825426 825491 | 825556 | 825621 | 825686 
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LOG ARI T HM Ss 


80665 5 


806723 


826519 | 806587 806790 68 
807197 | 8072064 | 807332 | 807399 | 807467 68 
807873 | 807941 | 808008 | 808076 | 808143 68 
808549 | 808616 | 808684 808751 | 808818 67 
| 809223 809290 | 809358 | 809425, | 809492 67 
809896 | 809954 | 810031 | 810098 | 810165 67 
805669 | 810636 | 810703] 810770 | 810837 67 
| $:1239 | 811307 | 811374 | 811441 | 811508 67 
811909 | 811977 | 812044 | 812111812178 67 
812579 | 812646 | 812713 | 812779 | 812847 67 
813247 | 813314 | 813381 | 813448 | 813514 | 67 
| 813914 | 813981 | 814048 | 814114 | 814181 67 
814531 | 814547 | 814714 | 8:4780 | 814847 67 
8:5246 | 815312815378 [815445 | 8155 1 66 
815909 | 8i5976 | 816042 | 816109816175 66 
810573 | 816639 | 816705 | £16771 | 816838 66 
817235 | 817301 | 8173067 | 817435 | 817499 66 
' £17896 [817962 | 818528 | 818094. | 818159 66 
818556 | 818622 | 818688 | 818754 | $183219 | 66 
3819215 | 819281 | 819346 | 829412 | 819478 66 
319873 | 819939 | 820004 | 820070 | 8201 36 66 
| Bens | £59998 820601 | 320727 | 820792 66 
S21180 | 821251 | 821317 | $21382 | 821448 66 
821841 | 321906 821972 822037 | 822103 65 
| 222495 822560 | 822626 | 822691 | 822756 | 65 
| as avis 
823148 | 823213 | 823279 | 823344 | 823409 65 
823800 | 823865 | 823930 | 823996 | 82406. 65 
3824451 | $24516 | 824581 | 82 646 1 82471 65 
1 025101 | 825166 | 825231 | 825296 | 825301 65 
| 825751 825815 | 825880 | $25945 | 826009 65 


— 


9 
— ”—— * . 


42 L OO GTART TH M:5 
| 
N O I | " | 3 | 4 
570 826075 | 826139 | 826204 | 826269 | 826334 
b71 | 826723 1 826787 | 826852 | 826917 925251 
672 827369 827434 827499 | 827563 | 827628, 
673 828015 | 828079 | 828144 | 828209 | 828273 
674 | 828659 | 828724 | 828789 | 828853 | 828918 
675 829304 829368 | 829432 | 829497 | 829561 
676 | 829947 | 830011 | 830075 | 830139 | 830204 
677 | 830589 | 830653 | 830717 | 830781 | 830845 
1 678 831229 | 831294 | 831358 | 831422 | 831486 
679 831870 | 831934 | 831998 | 832062 | 832126 
680 | 832509 | 832573 | 822637 | 832700 | 832764 
| 681 | 833147 | 333211 | 833275 | 833338 833402 
| 682 | 833784 | 333348 | 833912 | 833975 | 834039 
683 | 834421 | 834484 | 834548 | 834611 | 834675 | 
| 584 |- 835056 | 835119 | 835183 | 835247 | 835310 
13 * a — 3 
685 | 835691 | 835754 | 835817 | 835881 | 835944 | 
| 686 | 836324 | 836387 | 336451 | 836514 | 836577 
687 | 836957 | 837019 | 837083 | 837146 | 837209 
688 | 837588 | 837652 | 837715 | 837777 | 837841 
689 838219 \ 838282 | 838345 | 838408 | 838471 
1— — — — — 8 
690 | 838849 | 838912 | 838975 | 839038 | 839101 
691 | 839478 | 839541 | 839604 | 839667 | 839729 
| G92 840106 | 840169 | 840232 | 840294 | 840357 | 
| 093 1: 849731 840796 | 840859 | 840921 | 840984 
| 69 841359 | 841423 | 841485 | 841547 | 841609 
| 695 841985 | 842047 | 842109 842172 267227 
696 842609 | 842672 | 842734 | 842796 842859 
697 | 843233 | 843295 | 843337 | 843419} 843482 
698 | 843855 | 843918 | 843979 | 844042 | 844104 
699 | 844477 | 844539 | 844601 | 844604 | 844726 
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LOG ARIT H MS. 
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820399 
827046 
827692 
1828338 
828982 


| 


826464 
827111 


827757 
828402 


829046 


829625 
830268 

53090 
831549 


829689 
830332 
830973 
831614 


832189 


832253 


— 


832828 
833406 


$34103 | 


834739 


$33529 
834166 
834802 


835373 


835437 


832892 


836007 
836541 
837273 
837904 


836071 
836704 
837336 
837967 


838534 


838597 


839164 
839792 
840419 
841046 
841672 


839227 
839855 
840482 
841109 
841736 


839289 
839918 
8140545 
841172 
841797 


842297 
842921 
843544 
844166 


844788 


842359 
842983 
843606 
344229 


844849 


842422 


| 845046 


843669 
844291 


844912 


— 


841859 


1 


1 
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845098 
845718 
846337 
840955 


| 845160. 


845779 
846399 
847017 


847573 


847034 


| 845346 


845956 
| 846585 


1847. 2 


847819 


848189 
848805 
849419 
$50033 
850646 


848251 
848866 
849451 | 
850095 


850707. 


848928 


$49542 | 
850156 


850709 


— — 


4343435 


849051 


| 849665 
250279 


850891 


851258 
851369 
852479 
853289 
85 3698 


851319 
851931 
852541 
853150 
853759 


851381 
851992 
85 2002 
853211 


853819 


297442 
85 2053 
852663 
853272 


| 851503 
852114 
852724 
853333 


853881 


» ͤ 
— * 


853941 


854300 
854913 
855519 
856124 


854367 


854974 
855579 
856185 


856729 


856789 


854428 
855034 
855640 
856245 


854488 
855095 
855701 
856306 


954549 

pre 
55701 

856366 


850849 


856910 


856970 


857332 


857935 
858537 
859138 


859739 


857393 
857995 
858597 
859198 


859799 


857453 
858056 
858057 
859258 


— 


857513 
858116 
858718 
859318 


359859 


857574 
858170 
858778 


859918 


360338 
860937 


861534 
852131 


802728 


800398 
860996 
| 861594 
862191 
862787 


860458 
86:056 
861654 
802251 
802847 


859979 


860518 | 860578 


861116 | 861170 
| 861714 | 861773 
862310 | 862369 
852906 | 862960 


— — - — 


—— 


*— c 


859379 


= 


C 

| 

Eras | | —_— 

| 845408 | 845470 | 845532 | 845594 | 845656 | 62 | 
840028 | 346089 { 846151 | 840213 | 840275 66 | 
846646 | 846708 | 846769 | 846832 | 846894 62 [ 
847264 | 847320 | 84738? | 847449 | 847511 62 [ 

| 847881 | 847943 | 845004 48066 | 848128 62 [1 

| 843497 | 848559 | 848620 | 848682 | 848743 | 62 8 
849112 | 819174 | 849235 | 349297 | 849358 G1 | 
849726 | 849788 | 849849 } 849911 | 849972 | 61 

| 850339 | 850401 | 850462 | 850524 | 850585 61 

| 850952 | 851014 | 851075 | 851130 | 851197 61 

| 851564 | 851625 | 851686 | 851747 851809 | 61 ö 
852175 | 852236 | 852297 | 852358 | 852419 | 61 . 
852785 | 852846 | 852907 | 852968 | 853029 | 61 
853394 | 853455 | 853510 | 853577 | 853637 61 | 
854002 | 854063 | 834124 | 854185 | 854245 | 61 | 9 

154852 854670 | 854731 | 854792 | 854852 | 61 | 
855216 | 855277 | 855337 | 855398 | 855459 | 61 | 

855822 855882 | 855943 | 856003 | 856064 | 61 | 

| 850427 850487 | 83654 85 0008 856668 60 

857031 | 857091 | 857152 } 857212 | 857272 60 

857634 | 857694 | 857755 | 857815 | 857875 | Go | 

858236 858297 858357 | 858417 858477 60 

958838 | 858898 | 858958 | 859018 | 859078 | 560 

859439 | £59499 | 859559 | 859619 | 859679 60 

| 860038 \ 860098 | 860158 | 860218 | 3560278 | 60 | 

7 — —— —— 

860637 | £60697 | 860757 | 860817 | 860877 60 | | 

| 201230 | 861295 | 801355, | 861415 [861475 60 
861833 1 861893 * 8619 2 | 862012 | 862072 50 + 

1862429 . 802568 £5 | 

| 803025 863085 | 802144 | 863204 | 863267 | 60 : 


, = ZAC. 


48 6 0:0 3:3 IITHENC 
— — — 
N | © I | 2 | 3 4 
1 1 ST — 1 
730 | 863323 | 863382 | 863442 | 863501 [863561 
731 8603917 | 863977 | 864036 | 864096 | 864155 
732 | 864511 | 864570 | 864629 | 864689 $649 48 
733 865104 | 865163 | 865222 | 865282 | 865341 | 
734 | 365696 | 865755 | 865814 | 865874 | 865933] 
735 | 866287 | 866346 | 866405 | 866465 | 866524 | 
736 | 866878 | 866937 | 866996 | 867055 807114 | 
737 [867467867526 | 867585 | 867644 | 867703 
738 868056 | 868115 | 868174 | 868233 | 868292 
739 | 868644 | 868703 | 868762 | 868821 | 868879 
740 869232 | 869290 | 869349 | 869408 | 869466 
741 | 8369818 | 869877 | 869935 | 869994 | 870053 | 
742 | 870404 | 870462 | 870521 | 870579 | 870638 | 
743 870989 | 871047 | 871106 | 871164 | 871223 
744 | 871573 | 871631 | 871689 | 871748 | 871806 | 
745 | 872156 | 872215 | 872273 $52351 | 852400 
746 | 872739 | 872797 | 872855 | 872913 | 872972 
747 | 873321 | 873379 | 873437 [873495873553 
748 | 873902 | 873959 | 874018 | 874076 | 874134 | 
| 749 | 74482 | 874539 | 874598 [ 874656 | 874714 | 
750 | #75061 | 873119 | 875177 | 875235 875293 | 
7 751 | $75639 | 875698 | 875756 | 875213 | 875871 | 
| 752 | 876218 | 876276 | 870333 870391 | 876449 | 
i. 783 876795 | 876853 | 876910 | 876968 | 877026 | 
1 754 | #77371 1877429 877487 | 877544 | 877602 
{ 1198 ron 878004 | 878002 | 878119 | 878177 
| 75 878522 878579 | 878637 | 878694 | 878752 | 
757 | $790g6 | 879153 | 879211 | 879268 | 879325 | 
768 879659 | 879725 | 879784 | 879841 | 879898 | 
759 880242 880299 8803506 | 880413 | 880471 
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LOGARITHMSE 
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863620 | 863679 | 803739 303799 863858 59 
$64214 | 864274 | 864333 | 364392 | 864452 59 
864808 | 864867 | 864920 254255 865045 59 
865400 | 865459 | 865519 | 865578 | 865637 59 
865992 | 866051 | 866110 866169 | 866228 | 59 
866583 | 866642 | 866701 | 866759 | 866819 | 59 | 
867173 | 867232 | 807291 | 867349 | 867409 | 59 
867762 | 867821 | 867879 | 867939 | 867998 | 59 | 
$68350 | 868409 | 868468 | 8658527 366586 59 
368958 | 868997 869056 | 869114 | 869173 | 59 | 
869525 | 859584 | 869642 | $69701 | 869759 59 
870111 | 870109 | 870228 | 870287 | 870345 59 1 
870696 | 870755 | 870813 | 870872 | 870930 58 
871281 671539 87705 871450 | 871515 58 
871865 | 871923 | 871981 | 872039 | 872098 138 | 
872448 | 872506 | 872564 | 872622 | 872681 | 58 | 
873029 | 873088 | 873146 | 873204 | 873263 | 58 
873611 | 873609 873727 873785 | 873844 | 58 
874192 874249 874308 | 874300 | 874863 58 
874772 [874829 874888 874945 875003 | 58 | 
875351 | 875409 | 875466 | 875524 | 85552 | 58 | 
875929 | 875987 | 876045 | 876102 | 876160 58 | 
876507 | 876504 | 876622 | 876679 | 876737 58 
877083 | 877141 | 877199 | 877250 | 877314 | 58 
877659 | 877717 | 877774 | 877832 | 877889 | 58 | 
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937 | 971739 | 971786 | 97183z | 971879 | 971925. 
938 | 972203 | 972249 | 972295 | 972342 | 972388 | 
972666 | 972712 | 972758 1972851 


972804 


— —— — x 


1 


| 


TE Wc 


— _— — | * 
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G 


* „ 


LOGANTI TH ME 5» 
3 R aps 
. 

959279 | 959328 959375 | 959423 | 959471 
959757 | 959804 7 959852 | 959899 | 959947 10 
960233 960280 | 960328 | 960376 | 960423 48 
960709 | 960756 | 960804 | 960851 | g60899 | 48 
961184 | 961231 | 961279 | 961326 | 961374 47 
961658 | 961706 | 961753 961801 | 961848 47 
1962132 | 962179 | 962227 | 962275 | 962322 47 
962606 | 96265; | 962701 | 962748 | 962795 47 
963079 | 963126 | 963174 | 963221 | 963268 47 
| 953552 | 963599 | 963646 | 963693 | 963741 | 47 
— — — — — — 
964024 | 964071 | 964118 | 964165 | 964212 47 
964495 904542 964589 | 964637 | 964684 47 
964966 | 965013 | 965061 | g65108 965155 47 
965437 | 985484 | 965531 | 965578 | 965625 47 
965907 | 965954 | g66001 | 966048 966095 47 
| E Epi K 1 Oe” * 
966376 | 966423 | 966470 | 966517 | 966564 | 47 
Proves 7 900nge 1 gengyg © gcogee 1907033 || 47 
967314 | 967361 | 967408 | 967454 | 967501 | 47 
967782 | 907829 | 967875 | 967922 | 967969 | 47 
968249 | 968296 | 968343 | 968389 | 968435 | 47 
968716 | 968763 | 968809 | 968856 968903 | 47 
969183 | 969229 | 969276 | 969323 | 969369 47 
969649 | 969695 } 969742 | 969789 | g69835 | 47 
970114 | 970161 | 970207 | 970254 | 970300 47 
979579 | 979626 | 970672 } 970719 | 970765 | 46 
951044 g71090 | 971137 | 971183 971229 46 
Liebied 971554 | 973601 | 971647 | 971693 46 
971971 | 972018 | 972064 | 972110 | 972157 | 46 
972434 | 972481 | 972527 | 972573 | 9726ig | 46 
| 972897 | 972943 | 972989 | 973035 | 973082 46 


— —-„V- 


—— . 


— 


6⁰ lr n 
1 | 
12. O I | 2 | 3 | 4 | 
| 
1 * 3 — 1 
940 | 973128 | 973174 | 973220 | 973266 | 973313 
| 941 | 973589 | 973636 | 973682 | 973728 | 973774 
942 | 974951 | 974997 | 974143 | 974189 | 974235 
943 | 974512 | 974558 | 974604 | 974649 | 974695 
944 | 954972 | 975918 975064 | 975109 | 975156 
— — - — — —— — 
945 | 975432 | 975478 | 975524 | 975569 | 975616. 
| 945 | 975891 | 975937 | 975983 | 976029 | 976075 
| 947 | 976349 | 976396 | 976442 | 976488 | 976533 
948 | 976808 | 976854 9773783 976946 | 976992 | 
| 949 | 977266 | 977312 | 977358 [ 977403 | 977449 
939 | 977724 | 977769 | 977815 | 977861 | 977906 | 
| 951 | 978181 | 978226 | 978272 | ;78317 | 978363 | 
952 | 978637 | 978683 | 978728 | 978774 | 978819 | 
953 | 979093 | 979135 | 979184 | 979229 | 979275 
954 79548 | 979594 | 979639 | 979685 | 979730 
rr — b - — 1 
955 | 980003 | 980049 | 980094 980139 985185 
956 | 980453 | 980303 | 980549 | 980394. | 980639 
| 957 g80912 ; 980957 | 981003 | 981048 | 981093 
958 981365 , 951411 | 98:456 | 981501 | 981547 | 
959 | 981819 , 9318604 198199 931954 | 981999 
960 | 982271 , 932316 | 982362 982407 | | 982452 
| g61 982723 ' 982709 | 982814 | 982859 | n 
1962933175 | 983220 | 983255 . 983356 
963 983625 f 933671 | 9837106 | 983762 | Hy 
12 984077 | 984122 | 984167 984212 | 984257 
965 | 984327 | 984572 | 984617 | 984662 | 084707 
966 934977 | 985022 | 9485057 985112985157 
967 | 985425 | 985471 | 9855:9 | 983561 | 985606 
968 | 585875 | 985920 | 985965 ] 986009 | 985055 
69 | 986324 | 986369 | 986413 | 936453 | 986503 


——— ſ———— ⁰ Oo 
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LOGARIT HMV. 


61 
46 7 4245 
973359 973405973451 973497 | 973543 46 
973820 | 973866 | 973913 | 973959 | 974005 46 
974281 | 974327 } 974374 | 974419 | 974466 46 
974742 | 974788 | 974834 | 974880 | 974926 46 
| 975202 975248 | 1975294 1 975339 | 975386 46 
975662 97570975753 J 975799 [975845 | - 46 + 
| 970121 976167 970313:1 970258 | 976304 | 46 
976579 | 976625 | 976671 | 976717 | 976763 ,| 46 
977037 977083 1 977129 977175 977220 46 
977495 97754977586 9770 32 | 977678 '| 46 
977952 977998978044 978089 978135 4 
978409 | 978454 | 978500 978546 97859 1 [ 46 
978865 | 978911 ! 978956 | 979002 | 979047 46 
979321 | 979366 | 979412 | 979457 | 979503 46 
979776 | 979821 | 979867 | 979912 | 979938 46 
| 980231 | 980276 | 980322 | 980367 | 980412 4.5 
980685 | 980730 | 980776 | 980821 | 980867 45 
| 981139 | 981184 | 981229 | 981275 | 981320 45 
| 981592 | 981637 | 981683 | 981728 | 981773 | 45 
982045 982090 982135 | 982181 | 982220 45 
982497 993549 | gha508 35 45 
982949 | 992994 | 933039 983085 983129 45 
983401 | 933140 | 983491 | 983536 | 983551 45 
983852983897 | 953942 | 983987 | 984032 45 
984302 954347 984392 984437 | 98 4452 45 
984752 984-97 984342 984887 984932 
| 905202 | 955247 | 985292 | 985337 | 985382 
085651 | 985696 | 985741 | 985786 | 085830 
986099 | 986144 | 980184 | 9 6234986279 
. 95890548 | 986593 | 986637 L 986727 
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988559. 


986772 
987219 
987666 
988113 


986817 
987264 
987711 
988157 


987309 


988202 
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9868610 


987756 | 


988648 


989005 


990783 
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989449 
989895 
990339 


989049 
989494 
989939 
990383 


9895 39 
989983 
990428 


990827 
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9590949 


990871 ' 


— — — 


't 


| 991226 


991669 
992111 
992554 


991270 
991713 
992156 
992598 
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— . 


991315 
991758 
992199 
992642 


992995 | 


993939 


991359 | 
| 991802 


992244 
992686 


973083 993127 


991403 
991840 
992288 


993172 


993436 
993877 

994317 
994756 


993480 
993921 
994361 
994801 


995196 


993524 
993905 
994405 


994845 


994053 
994493 
994933 


995 240 


— 


995284 


995635 
996074 | 


9965 12 


996949 


995679 
996117 
996555 
996993 


995723 
996161 
9965 99 
997037 


995372 


997386 | 997430 | 997474 
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997823 
998259 
998695 
999130 


999565 


| 997867 | 


998303 
| 9987 39 
999174 


997910 
998347 
958782 


999218 


999609 


999652 
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992730 


993613 
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L OG ARIT HMS. 63 
6 ns 
FTE LE 
— — — — — — — 
| 986996 | 987040 | 987085 | 987129 | 987175 45 
987443 | 987488 | 987532 987577 | 987622 | 45 
987889 | 987934 | 987979 | 988024 | 988068 45 

88336 | 988381 | 988425 | 988469 | 988514 45 
| 988782 | 988826 | 988871 | 988916 | 988960 45 
989227 989272 | 989316 | 989361 | 989405 | 45 
| 989672 | 989717 | 989761 | 939806 | 989850 | 44 
| 990117 | 990161 | 990206 | 990250 | 990294 x3 44 
| 990561 990605990649 990694. | 996738 | 44 
991004 | 991049 | 991093 | 991137 | gg1182 | 44 
| 991448 | 991492 | 991536 | 991580 | 991625 | 44 
| 991890 | 991933 | 991979 | 992023 | 992067 44 
| 992333 | 992377 | 992421 | 992465 | 992509 | 44 
992774 | 992819 | 992863 | 992907 | 992951 44 
993210 | 993259 | 993304 | 993348 | 993392 1 44 
| 993657. 993701 | 993745 | 993789 | 993833 | 44 
| 994997 1 994141 994185 | 994229 | 994273 | 44 
I 994537 | 994581 | 994625 | 994669 | 994713 44 
| 994977 | 995021 | 995065 | 995108 | 995152 | 44 
| 995416 | 995459 | 995504 | 995547 | 995591 | 44. 
| 995854 | 995898 ' 995942 | 995986 996029 | 44 
| 996293 | 996337 | 996380 | 996424 | 996468 44 
1 996731 | 996774 | 996818 | 996862 | 996906 44 
997168 | 997212 | 997255 | 997299 | 997343 | 44 
| 997095 | 997648 997692 1 997736 1997779 | 44 
| 998041 | 90808 f 998129 998172 | 998216 | 44 
| 998477 ! 998521 { 998564 | 998608 | 998552 44 
998913 | 998956 | 998999 | 999043 | 999087 44 
| 999348 | 999392 | 999435 | 999479 | 999522 | 44 
| 999783 999026 999869 ] 999513 | 999957 43 
— N — —— — — 
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ARTIFICIAL SINES 
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The Radius being 10,000000. 


L O N D O N: 
Printed in the Year M. DCC. LXXII. 


n "SHOTS. Te 
6 "Ya — hy — > - 4 
eee 
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1 


| 


0 D E G. 


— ˙• 


M | Sins Coe | | Tangent | Co-ran, | *| 


— 


my 


o | 0.000200 | 10.000000 | | 0.000000 | Infinite. | bo 
1 | 6.463726 | 9.999999 | | 6-463726 | 13.536274 | 59 
2 | 6.764756 1 9.999999 | 7264756 13-235244 | 58 
3 | 6949847 9.999999 | | 6949847 | 13059153 | 57 
47.065786 9.999999 | 7-065786 | 13.934214 | 56 
5 | 7.162696 | 9-999999 | | 7-102696 [12.8 7304 | 55 
6 | 7.241877 9-999999 | | 7.241878 | 12.758122 | 54 
7 | 7-398824 | 9.999999 ; | 7-398825 | 12.6g91175 | 53 
8 | 7.366816 | 9.999999 7.366817 | 12.633183 | 52 
9 | 7-4'7968 | 9:-999999] | 7417970 | 12.582030 | 51 
10 | 7.443726 [9.999998 [7.463727 [12.536273 | 50 
11 | 7.503118 | 9.999998 | | 7.505120 | 12.494880 | 49 
12 | 7-542996 | 9:969997 7.542909 | 12.457091 | 48 
13 7.577668 | 9999997 | | 7-577671 | 12.422328 | 47 
14 | 7-609853 | 9-999996 | | 7-609857 [12.390143 | 46 
I5 | 7-639816 | 9, 999996 7.639820 | 12.360180 | 45 
16 | 7.667844 | 9999995 | | 7-667849 | 13332151 | 44 
17 | 7-694173 | 9-999995 | | 7-094i79 | 12:393821 | 43 
18 | 7-718997 | 9-999994 | | 7-719003 | 12.280997 | 42 
19 | 7-742477 | 9-999993 | | 7-742484 | 12.257516 | 41 
20 7.764754 9.999993 | | 7-764761 | 12.235233 | 40 
21 | 7.785943 | 9.99999 | | 7-785951 | 12:214049 | 39 
22 | 7.800146 | 9.999991 | 7.800155 | 12.193845 | 38 
237825451 9.999990 | 7-825460 | 12.174540 | 37 
24 7.843934 9-999989 | | 7-843944 | 12.156056 | 36 
25 | 7.861662 | 9.999989 7.861674 | 12.138326 | 35 
26 | 7.878695 | 9.999988 | 7-878708 12.121292 | 34 
27 1 7.895035 | 9-999987 | | 7-895099 | 12.104901 | 33 
28 | 7.910879 9.999986 7.910894 | 12.089106 | 32 
29 | 7-926119 | 9.999988 | 7.926134 | 12.073866 | 31 
30 | 7.940342 | 9-999983 | | 7-940858 | 12.059142 | 36 
| Co-/fie | Sine | | Co-tan, | Tangent | M 
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— ——— — 


6 i. tended... 
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M Sine — | | Tangent | Co-tan, | 


30 | 7-940842 9.999983 | | 7-940858 | 12.059142 | 30 


31 | 7.955082 | 9.999982 | | 7.955100 | 12.044900 | 29 | 
32 | 7-968870 9.999981 7-962889 | 12.031111 | 28 
| | 33 | 7-982233 | 9-999980 | | 7.982253 | 12.017747 | 27. 
7.995198 | 9:999978 | | 7-995219 | 12.004781 | 26 
\. WY | 35 | 8007787 | 9-999978 | | 8.007810 | 11.992191 | 25 


| — — — 


36 8.020021 9.999976] | 8.020044 11.979956 | 24 

| 37 | $:031919 | 9:999975 | 8.031945 11.968055 | 23 

| 38 8.043501 | 9.999973 | 8.043527 [11.956473 | 22 
„ 39 ws pb 9-99997z | | 8.054809 | 11.945191 | 21 

: 40 | 8.005770 1 9.999971 8. 065806 11.934194 | 20 

| — 

41 | 8.076500 | 9.999969 0 076531 | 11.923469 | 19 
42 | 8.086965 | 9.999967 | 8.586997 11.913003 | 18 | 
; | | 43 8.097183 | 9.999966 8.097217 | 11.902783 | 17 
44 | 8.107167 | 9.999964. 8.;07203 | 11,892797 | 16 
4 45 | 8.116926 | 9.999963 8.11693 | I1.883037 | 15 8 
F 46 |:8-136471 | 9999961 | | 8.120510 | 11,873490 % 
: 47 | 3-135810 | 9-999959 8.135851 | 11.864149 | 13 | 
ih j+; 3.144953 | 9-999958 | | 5144996 | 11 855004 | 12 
£ 49 | 8153907 | 9-990956 | | 8.153952 | 11.846048 | 11 
N 50 8.162681 19.999954 | 8.162727 | 11.837273 | 10 
: 51 8.171280 9.999952 8.171328 | 1182867219 
, 52 | 8.179713 | 9.9 39950 8.179703 | 11.820237 | 8 | 
6 5318. 197.985 9-999945 | 1 8,18803% | 11.8119064 5 
5 5418.196102 9.999946 7286125 11.803844 6 
5i ff | 55 | 8-204070 | 9.999944 | | 3.204126 | 11.795874 | 5 
+] 56] 8. 211895 9.999942 | 8.211933 | 11.785047 | 4Þ 
4 57 | 8-21gg81 | 9.999940 8.219041 | 11.780359 | 3 
1 58 | 8.227134 | 9.999938 | | 8.227195 | 11.772805 | 2 
5 59 | 8.234357 | 9:999936 | | 8.234521 | 11.765379 1 
as 60 | 8.241855 | 9:999934 | | 8 241921 | 1.758079 | © | 
Yi 


| Co-fine | Sine | | Co-tan. | Tangent | M 
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68 1 DEG. 
| M | sine T Cen | | Tangent | Cetas. 2 | 
8.241855 | 9:999934 | | 8-241921 | 11758079 | 60 | 
rg 58885 Py TE 
1 | 8.249033 | 9-999932 | | 8-249102 | 11.750898 | 59 
| 2 | 8.256094. | 9.999929 8.256165 | 11.743835 | 58 
g 38.263042 9.999927 | | 8-263115 | 11.736885 | 57 
f 4 | 8:269881 | 9.999925 | | 8.269956 | 11.730044 | 56 
4 5 | 8.276614 | 9.999922 | | 8.276691 | 11.723309 | 55 
3 6 8.283243 9.999920 | 8.283323 | 11.716677 | 54 | 
# | 7 | 8.289773 9.999918 8.289856 | 11.710144 53 
. 18 8.296207 9.99 9 6 | 8.296292 | 11.703708 52} 
x 98.302546 9.999913 | | 8.302634 | 11.697367 | 515 
Y | 10 | 8.308794 | 9.999910 8.308884 | 11.691116 50 
I POR” 8 3 cars G 
4 JR) ION en . 
1 11 | 8.314954 | 9.909907 | | 8.315646 | 11.684954 49 
12 | 8.321027 | 9.999905; 8.321122 | 11.678878 | 48 
. 13 | 8.327016 | 9.999902 | | 8.327114 | 11.672886 | 47 
q | 14 | 8-332924 | 9:999899 | | 8.333025 | 11.666975 | 46. 
x 15 | 8-338753 | 9-999897 | | 8.338856 | 11.661144 | 45 
. FE | 
16 8.34504 9.999894 | 8.344610 [11.655 390 | 44 
i 17 | 8.350180 | 9.999891 8.356289 | 11.649711 | 43 
1 18 | 8.355783 | 9.999888 | | 8.355895 | 11.644105 | 42 | 
4 | 19 351315 | 9.999885 8.361430 | 11.638570 | 41 | 
ö 20 | 8.366777 [9.999882 8.366895 | 11.633105 | 40 
21 | 8.372171 | 9.999879 | | 8.372292 11.627708 39 
22 | 8.377499 | 9.999876 8.377622 | 11.622378 | 38 
23 8.382702 | 9.99987 3 8.382889 | r1.6017111 |] 37 | 
24 | 8.387962 | 9.999870 | | 8.388092 | 11.611908 | 36 
25 | 8:393101 | 9.999867 8.393234 | 11.606766 | 35 
26 8.398179 | 9-999864 | | 8.398315 11.601685 34 
27 | 8.403199 | 9.999861 8.403338 | 11.596662 | 33 
28 | 8.408161 | 9.999558 8.408304 | 11.591696 | 32 
29 | 8.413068 | 9.999854 8.413213 | 11.586787 | 31 | 
30 | 8.417919 9.999851 8.418068 | 11.581932 | 30 
| Co-fne' | Sine | | Co-tan, | Tangent IM 
ws $2 D E G. F { 
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30 6.47919 19. 999851 L 8. 418068 | 11.581932 | 30 
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— — n 


— — 


1 


| 
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31 | 8.422717 9.999848 | | 8.422869 | 11-577131 | 29 
32 | 8-427462 9-999344 | 8.427018 | 11.572382 | 28 
33 | $-432156 9:999541 | 8.432315 | 11.567685 | 27 
34 | 8-436800 | 9.999838 1447768 11.563038 | 26 
35 18.441394 0999941 | 8.441560 [11.558446 | 25 
36 | 8.445941 | 9-599831 | | 8.446110 | 11.553899 | 24 
37 | 8.450440 | 9.999827 | | 8.450613 | 11.549387 | 23 
38 | 8.454893 | 9-999824 { | 8.455070 | 11.544930 | 22 
39 | 8.459301 | 9.999820 | | 8.459481 | 11.540519 | 21 
40 | 8.463665 | 9.999816 | | 8.463849 | 11. 536151 20 
41 | 8-467985 | 9.999812 | | 8.468172 | 11.531828 | 19 
42 | 8.472203 9.999809 | | 8.472454 | 11.327546 | 18 
43 | 8.476498 | 9.999805 | | 8.476693 | 11.523307 | 17 
44 | 8.480093 | 9.999801 8.480892 11.519158 | 16 
45 | 3.484848 | 9.999797 8.48505 11.514949 | 15 
46 | 8.488963 | 9.995794 | | 8.489179. 11.510830 | 14 
47 8.493040 9.99979 | | 8.493259 | 11:506750 | 13 
48 | 8.497078 | 9-999786 | | 8.497293 | 11.502707 | 12 
49 | $-501080 | 9.999782 | | $.501298 | 11.498702 | 11 
2 8.505045 9.999778 | | 8-505267 [11.494733 J 10 
51 | 8.508974 | 9.999774 8.509200 | 11.490800 | 9g 
528.5 12867 | 9.999769 8.5 13098 ] 11.486902 | 8 
53 | 8-516726 9.999765 | | 8.516961 | 11.483039 | 7 
54 | 8-520551 | 9-999701 | | 8.520790 | 11.4792: | C 
55 8.824343 | 9999757 188 11.4544 5 
56 | 8.528102 9.999753 25 928749 11.471651 | 4 
5718 531828 9.990748 8.5 32080 1.467920 3 
5848.535523 9.999744] 8535779 11.464221 | 2 
59 8.539188 9.99974 8.558447 f. 460553 | 1 
60 | 8.542819 | y-9997 25 $.543084 | i. 486915 O 
— l — — — = = — — 
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3.542819 | 9.999735 | | 8.543084 | 11.456916 | 60 


8.545422 | 9.999731 | | 8.546691 | 11.453309 | 59 
8.549995 | 9-999726 | | 8.550268 11.449732 | 58 
8.553538 | 9:999722 | | 3-553817 | 11.446183 | 57 
8.557054 | 9:999717 | | 8.557336 | 11.442664 | 56 
8.560540 | 9-999713 | | 8.560827 


8.563999 | 9.999708 | | 8.564291 | 11435709 
8.507431 | 9:999703 |- | 8-567727 [11.432272 | 53 
8.570836 | 9.999699 | | 8.571137 | 1.428863 | 52 


8.577566 | 9.999689 8.577877 11.422123 J 50 


8.580892 | 9.999585 8.581208 | 11.418792 | 49 
8.584193 9.999680 | | 8.584514 | 11.415486 | 48 
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| o | 9.019235 | 9.997614 | | 9.021620 | 10.978380 | 60 
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19.020435 | 9.997601 | | 9.022834 | 10.977166 | 59 
2 | 9.021632 | 9.997588 9.024044 | 10.975956 | 58 
39.022825 1 9.997574 | | 9025251 | 10974749 | 57, 
4 | 9-024016 9.997561 | | 9.026455 | 10.973545 | 56 | 
5 | 9.023203 | 9.997548 [9.027655 | 0.972345 | 55 |. 
6 | 9:026386 | 9.997534 | | 9-028852 | 10.971148 | 54 | 

1 7 | 9:927567 | 9:997520 | | 9030046 | 10. 969295453 
8 1 9.028744 | 9.997507 | | 9-031237 | 10.968763 | 52 
34328225 9-997493 | 932425 [10.967575 | 51 | 

10 | 9.031089 [9.997480 | | 9.033609 J 10.966391 | 50. 

41 |-9.032257 | 9.997465 | | 9.034791 | 10.965209 | 49 
12 | 9.033421 | 9.997452 | | 9.035969 | 10.964031 Þ 48. 
13 | 9.034582 | 9.997439 | | 9-037 4410.962856 | 47} 
I4 | 94035741 | 9.997425 9.038316 | 10.96 684 | 46; 

| :5 | 9-036896 | 9.997411 | | 9.039485 | 10.960515 [| 45, 

16 | 9.038048 | 9997397 | | 9.040651 | 10.959349 44] 
I'7 | 9-039'97 | 9-997383 | | 9-041813 | 10-958187 | 43. 
89.040342 | 9-997369 | | 94042973 | 10.957027 | 42 

1199.041485 | 9.997353 [9.044130 | 10.955870 | 41 
per : 9.042625 | 9.997 241 9.045284 | 10.954716 40 | 
1-21 | 9.043762 | 9.997327 | | 9.046434 | 10953566 | 39 
| 22 9.044895 1 9.997313 9.047582 10.982418 38 
123 | 9.046026 | 9.997299 | |] 9.048727 [10.951273 37 
| 24 | 9-047154 | 9.997285 | | 9.049869 | 10.950131 | 36 

25 19.048279 | 9.997271 9.051008 | 10.948992 35 
26 | 9.049400 | 9.997256 | | 9.052144 | 10.947856 34 

27 | 9.050519 | 9.997242 | | 9.053277 | 10.946723 | 33 
28 | 9.051635 | 9.997228 | | 9.054408 | 10.945592 | 32. 

29 | 9052749 | 9.997214 | | 9-055535 | 10.944405 | 31 

9.053859 | 9-997199 | | 9-056660 | 10.543340 | 30 
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1 Sine W | | Tangent | Co-tan, | 
30 | 9.053859 | 9997199 | | 9.056660 | 10.943340 | 30 
31 | 9.054966 | 9.997185 9.057781 | 10. 942219 | 29 
32 | 9.050071 | 9.997170 9.058900 | 10.941100 | 28 
33 | 9-057472-1] 9.997156 | | 9.060016 | 10.939984 | 27 | 
34 | 9-258271 | 9.997141 9.061130 | 10.938870 | 26 
| 35 | 9059367 | 9-997127 | | 9.062240 | 10937760 25 
| 36 9.060460 9-997112 | | 9.063348 | 10.936652 mY 
37 | g.ob1551 | 9.997098 | | 9.064453 1.935547 | 23. 
38 | 9.062638 | 9.997083 | | 9.065556 | 10.934444 | 22 
39 9-003723 9.997068 9.066655 | 10.933345 | 21 
| 49 | 9.c64806 | 9.997053 | | 9.067752 | 10.932248 | 20 
| 41 | 94063 885. 9997039 | | 9.068847 | 10.931153 | 19 | 
42 | 9.066962 9.997024 9.059938 | 10.930062 | 18 
43 | 9.068036 | 9.997009 | | 9 071027 | 10.928973 | 17 
44 | 9.069107 t9 999994 9 072113 | 10.927887 | 16 
| 45 | 9070176: 9.996979 Ln 
46 9.071242 | g. 996964 9. 074275 10.925722 | 14 
47 | 9-072306 | 9.996 2949 9-075356 | 10.924644 | 13 | 
| 48 | 9.073366 9-996 934 | 1 9076432 | 10.923568 | 12 
49 | 9:074424 | 9.996 9909 | 9:977505 10. 92249511 
50 9.075480 | 9.996904 E 10.921424 | 10 
51 | 9.076533 | 9.996889 | | 9.079644 | 10.920356 | 9, 
52 | 9.077583 | 9.996874 9.980710 | 10.919290] 8 
5319.078631 9.995855 9.081773 | 10.918227 [ 7 
| 54 9.79676 9.990843 | | 9.082833 | 10917167 | 6 
55 | 9.080719 | 9.996828 9.983891 | 10. 3 m2 
C— | — — ch | 
56 | 9.081759 | 9.996812 | | 9.084947 | 10.9150;53 | 4 
| 57 | 9-082797 9.996797 9.085999 | 10.914000 | 3| 
58 9.083332 9.990782 9.087050 | 10.912g50 | 2 
864 | 9.996766 | e 10.911902 1 
9.085 894, | 9.990751 ] 9.089144 | 10.910856| 0 
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o | 9.085894 19 9.99675 19.089144 | 10. 0.910856 [ 6o | 
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9-996735 | | 9-090187 | 10.909813 59 
9. 9907 2 9.091228 | 10.908772 58 
9-996704 | | 9.092266 | 10.907734 | 57 
| 9-089990 | 9.996688 9.093302 | 10.906698 | 56 


9.091008 9.996673 9.094236 10.905664 55 Y 
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9.093037 9.996641 | | 9.096395 | 10,903604 | 53 
9.94047 | 9-996625 | | 9.097422 | 10.902578 | 52 | 
9.095056 | 9.996610 9.098446 | 10.901554 | 511, 
9.096062 9-996594 | 9. 99468 | 10.900532 | 50 


9.097065 | 9-996578 | | 9.100487 | 10.899513 | 49] 
9.098066 | 9.996562 9-101504 | 10.898496 | 48 
13 9099-65 9-999540 9.102519 10.897481 | 47 
14 | 9.100062 | 9.996530 9-103532 | 10.896468 | 46 | 
15 9.100566 | 9.996514 | | 9.104542 | 10.895458 | 45 
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16 | 9.102048 | 9.996498 9-105550 | 10.894450 | 44 | 
17 9.103037 | 9.996482 | | 9.106556 | 10.893444 | 43 
18 | 9.104025 | 9.996465 | | 9-107559 | 10.892441 | 42 
19 | 9.105010 | 9.9964.49 9.108560 | 10.891440 [411 
L 20 | 9.105992 9.996433 | 9.109559 


21 \ 9.106973 | 9.996417 
22 | 9.107951 | 9.990400 
23 9.108927 | 9.990334 
| 24 | 9-109901 | 9.996368 
25 | 9-110873 | 9.996351 
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9.113533 | 10.886467 | 36 
9.114521 | 10.3885478 | 35 | 


z6 | 9. 111842. 9.996335 9.115507 | 0.884493 | 34 1 
| 27 | 9.112809 | 9.996318 | | 9.116491 | 10.883509 33 
28 9.113774 | 9.996302 9.117472 | 10.882528 32 
29 | 9.114737 9.996285 9.118452 10.881548 | 31 
30 9,1715698 9.996269 9.119429 | 10. 880571 | 30 8 
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[301 9. 116698 | 9. 996269 | | 9.119429 | 10. 530571 130 
31 | 9.116656 | 9.996252 | | 9:120404 10879596 | 29 
32 | 9.117612 | 9.996235 |-| 9.121377 | 10.878623 28 
33 | 9-118567 9.996218 9-122348 | 10.8776.3 þ 27 | 
34 | 9119519 | 9.999202 | | 9.123317 | 10.870683 26 
35 den 9-990185 | 19-1444 ] 40. 875710 | 25 
HH LID > 1 
36 | 9.121417 | 9.996168 9.125249 10.874751 24 
37 9.122362 | 9.996151 9.126211 10.873789 23 
138 9.123306 | 9.996134 | | 9.127172 | 10.872828 22 | 
39 | 9-124248 | 9.996117 9-128130 | 10.871870 | 21 | 
40 75 125187 19. 99610 9.129087 110. 870913 20 | 
pb 9.126125 9.996083 | 9.130041 [ 10. 869959 ? | 19 
| 9.127060 | 9.996066 9. 130994 | 10.869006 | 18 '} 
2 5 127993 | 9.996049 | 9.131944 | 10.808056 | 17 | 
| 7 9.128925 | 9.990032 95132893 | 10.867107 | 16 
4519.129854 9.99615 [9.133839 l 10.865161 | 15 
| 46 9-3 307%8 909599" | 9-134784 10. FI 
| 47 | 9-131706 9.995965 9.135726 10.864274 
489.7132630 9-995903 | 9.136666 | 10. 863359 | 
| 49 | 9-133551 | 9-995945 | 9.137605 10.862 96 | 11 | 
| 59 | 9-134479 | 9:995928 9: 33542 1. 10.801458 | 
| 51 9.135383 | 9.995911 || 9.139476 | 10. 8505 24 oy x 
j 52 | 9.136303 9.555893 9 140409 1.85939 1 | 8 
53 | 9137216 | 9.995876 40) [0.858600 | 7 
54 | 9.138127 | 9. 95859 19 4 1422 10.857731 | 6 
5s | 9139937 1 9:995841 | 143795 10.856804 5 
56 | 9-139944 | 9-9958 24 | 9.144121 1 10.855879 | 4 | 
| 57 9.140850 | 9.995806 | | 9.145044 10.884966 3 
| 58 | 9-14175+1 9: 995788 9.145966 | 10.854033 | 2 
| 265 5770 | 9.146885 | 10. $5315 = 
| 60 | 9.143555 | 9-9 5753 | | 9-147803 | 16852198 | 0 
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M | Sine | Co-ſine | } Tangent | Costa. 1 2H 
9.143555 9.995753 | | 9-147803 10,852198 | 6o 
— — — 
19.144453 | 92995735 | | 9148718 | 10,85 7282 59 
| 2 | 95145349 9.995717 | 9149632 | 10,850368 | 58 
3 | 9146244 | 9:995699 | | 9150544 | 10,849456 \ 57 
| 4 | 99147130 | 9,995682 | | 94151454 | 10,848546 | 56 
5 | 9.148026 | 9.995664 | | 94152363 | 10, 847637 | 55 
6 | 9.148915 | 9995646 | | 9.153269 | 10,846731 | 54 
7 | 9149802 9.995628 | | 9,154174 | 10,845826 | 53 
8 9.150686 | 9,995610 | | 9.155077 | 10,844923 | 52 
99.151569 | 94995592 9155978 | 10,844022 | 51 
10 | 9.152453 | 9995573 19.186877 | 10,843123 | 50 
11 | 9.153330 | 9.995555 | | 9157775 | 10,842225 | 49 
12 9.154208 | 9,995537 9.158671 | 10,841329 | 48 
13 9.155083 | 9.995519 | | 9.159565 10, 840435 | 47 
14 | 99155957 | 9:99550t } | 9.160457 | 10,839543 |} 46 
15 | 9.156830 | 9.995482 | | 9.161347 | 10,838653 } 45 
16 9.157700 | 9.995464 | | 9162236 | 10,837764 | 44 
I7 9.158569 | 9995440 | | 9163123 | 10,836877 | 43 
18 9.159435 | 99995427 | | 94164008 | ro,835992 | 42 
199. 160301 9,995409 9.164892 10, 835108 | 41 
20 9,161164 | 9.995399 9.165774 10, 834226 | 40 
21 | 9,162025 | 9,995372 | | 9,166654 | 10,833346 | 39 
22 | 9,102885 | 9.995353 9.167532 | 10,832468 | 38 
23 | 94163743 | 9995335 | | 9.168409 | 10,831591 | 37 
24 | 9,164600 | 9.995316 } 9.169284 10, 830716 36 
25 | 9-165454 | 94995297 | | $»170157 | 10,829843 ] 35 
26 9.166307 | 9.995279 | | 9.171029 | 10,828971 | 34 
27 | 9.167159 9.995260 9.171899 | 10, 828101 | 33 
28 9.168008 J 9,995241 9.172767 10, 827233 | 32 
129 9,168856 | 9,9952229, 17363410, 82636631 
30 9.169702 | 9,995 2039.174499 10 825501 | 30 
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| 39 | 9: 9.169702 2 19.995 203 | | 9. 174499 | 10. 32550! 30 

0 9.17547 | 9:995184 | 9.175362 | 10.844638 | 2g 

| 32 9.171389 | 9.995 165 9.176224 10.823776 | 28 

33 | 9-172230 | 9-995146 | | 9.177084 | 10.822916 | 27 

34 | 9-17 3070 | 9.995127 9.177942 | 10.822058 | 26 | 

35 9.173908 | 9.995108 9. 178799 10. 821251 25 | 

| 35 | 9-174744 | 9-995089 | | 9.179655 | 10, 820345 | 24 

37 | 9-175578 | 9-995070 | | 9.180508 | 10.819492 | 23 | 

| 38 | 9.176411 | 9.995051 9.181360 | we 818040 | 22 

1 39 | 9-177243 [9.995032 9:182211 | 10.817789 | 21 

40 | 9.178072 | 9.995013 9-183060 | 10.816940 | 20 

49.178900 | 9.994993 | | 9183907 | 10.816093 | 19 f 

| 42 | 9-179727 | 94994974 | | 9-184752 | 10.815248 | 18 

43 | 9-180551 | 9:994955 | | 9-185597 | 10.814403 | 17 | 

44 | 9-181374 | 9.994935 9.186439 | 10:813561 | 16 

| 45 | 9-182196 9.994916 9.187280 10. 81272015 
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46 | 9.183016 | 9.994896 | | 9.188120 | 10.811880 | 14 | | 

47 | 9-183834 | 9-994877 | | 9-188957 | 10.811042 | 13 | 

148 | 9.184651 | 9.994857 | | 9:189794 | 10.810206 | 12 5 
| 49 | 94185467 | 9.994838 | 9.190629 | 10.809371 | 11 | 
| 50 9.186280 19. 994818 45 9.191462 10. 0 10 | 
| 51 | 9-187092 9.99479 | | 9-192294 | r0.807706 | 2 | 
| 1529.187903 | 9.994779 9.193124 | 10.806376 | 8 : 
| 53 | 9183712 | 94994759 | | 9-193953 10.806047 | 7 | k 
i 54 | 9.189519 | 9.994739 9.194750 10.8053220 | 6 1 
| | 55 19.190325 | 9:994729 | | 9.195606 | 10.804394] 5 | N 

wo 6 — e i 
1 56 9.191130 | 9.994700 9.196430 | 10. 803569 44 
| 57 | 9-191933 9.994680] | 9-197253 | 1 | 3} b 
| 58 | 9.1927 34 | 9.994660 | |] 9.198074. | 10.801926 | 2 8 

59 | 9.193534 | 9-994640 5.19884 10.80 les ; 
' 60 | 9.194332 9.994620 |] 9- 199712 | | 10.800287 | © j 
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o| g. 94332 9.994620 | 9.199712 1 10. 300287 | 60 


* 9.195129 | 9.994600 | | 9.200529 10.799471 59 | 
2 | 9-195925 | 9-994580 | | 9.201345 | 10.798655 | 58 
3 1 9.196719 | 9-994560 9.202159 10.797841] 57 
4 | 9.197511 | 9.994540 9.202971 10.797029 | 56 
5 | 9.198302 | 9.994519 9.203782 | 10.796218 | 55 
6 | 9.199991 | 9 994499 | | 9-204592 | 10.795498 | 54 
7 | 9-199879 ! 9-994479 | | 9:205400 10. 794653 
8 | 9.200666 | 9.994459 | | 9.206207 | 10.793793 | 52 
9 | 9.201451 | 9-994438 | | 9.207013 | 10.792987 | 51 
10 | 9.202234 | 9-994418 9.207817 | 10.792183 | 50 
I1i | 9.203017 9.994398 | 9.208619 | 10.791381 | 49 | 

9.203797 | 9-994377 | | 9209420 | 10.790580 | 48 
13 9.204577 | 9:994357 9.210220 | 10.789780 | 47 
14 | 9.205354 9-994330 | 9.211018 | 10.788982 | 45 
15 | 9.206131 | 9.994316 9.211815 | 10 788185 | 45 | 
16 | 9.296906 | 9.994295 9.212611 | 10.787389 | 44 
17 | 94207579 | 9-994274 | 1 9.213405 10.786595 | 43 

18 | 9.208452 | 94994254 | 9.214198 | 10.785802 | 42 

19 | 9.209222 | 9.994233 9.214989 10.785011 41} 

209. 209992 3 | | 9.215780 [10.784220 40 

21 | 9.210760 | 9.994191 9.216568 10.783432 32 
22 | 9.211526 | 9.994171 9.217356 | 10.782644] 38 

] 23 ] 9.212291 | 9.994150 9.218142 | 10.781858 | 37] 
24 | 9+ 213955 9.994129 9. 218926 10.781074 36 

| 25 | 9.213818 | 9.994108 | | 9.219710 | 10.789290 35 

| 9.994087 | | 9.220492 | 10.779508 | 34 | 

9.215338 | 9.994096 | | 9.221272 | 10.778728 | 33 
28 | 9.216097 | 9.994945 9.222052 | 10.777948 | 32 
29 | 9.216854 | 9.994024 9.222839 | 10777170 | 31 | 
30 | 9.217609 | 9.994003 | | 9.223507 | 10.776393 30} 
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30 | 94217609 | 9,994003 | | 9,223607 | 19,770393 | 30. 


37 9.218363 , 9,993982 | | 94224382 | 10,775618 29 
32 9.4930 9.853900 94225156 | 10,774844 | 28 
| 33 | 9+219868 1 9,993939 | | 9225929 | 10,774071 | 27 
34 | 9220018 4-14 | 880700 10,773300 | 26; 
| 35 | 99221367 41 9.227471 10, 72529 | 25) 
36 9.222115 9, 993875 9, 228240] 10,77 1760 24 
37 |$,22286! 94993354 FEA 10,770993 5 23 
38 | 94223606 | 9.993832 9.229774 10, 770226 
139 5527802 5 9.230539 10, 769461 
| 42 1 94223092 9.993789 | 1 9, 26, 
j 4 | 9225833 | 9.993758 | | 9,23296; | 10,767935 | 19: 
[ 4 94220573 | 94993746 9,232826 | 10,767174 | 18 
| 43 | 94227311: 9993725 975233586 10,760414 | 17 
44 r 9,993703 [955656 10,765655 | 16 
| +5 9.228784. 9,993681 | | 94235103 | 10,704897 | 15, 
46, 99229518: | 9,993660 | 94235859 | 10,764141 | 14 
47 | 94230252 | 9,993638 | | 9,236614 | 10,763386 | 13 
48 9. 230984 9,993616 9,237368 | 10,762032 | 12. 
1 49 | 94231715 [9.993594 | 9.238120 | 10,761830 | 11 
30 | 99232444 [195993572 | | 9238872 | 19,761128 
5i | 9233172 | 9,993550 | | 9,239622 | 10,760378 | 9g 
52 9.233899 | 94993528 | | 9,240371 | 10, 59629 f 8 
53 9,2346 25 | 9» 993500 9,241118 10,758882 7 
1 54 | 9+235349 9.093484] 9.241865 | 10,758135 | 6 
55 | 99230073 | 9.953492 | | 94242610 , 10,757399] 5 
560, 236795 92993440 | 99243354 10,756646 ] 4 
57 1 96237515 94993418 | | 9.244097 10,5593 3 
55 | 94238235 ; 9.993396 [9.244830 | 10,735161 | 2 
39 | 9239953 | 9:993374 | | 94245579 | 1C,754421 | 1 
2 | 94239070 91993351 | 9,2463 19 | 10,753081 | © 
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Ml 


Sine 


|  Co-fine 1 | |, Tangent iy PITS 13 


— ——— 


O | 9,239670 | 9993351 | 9,246319 | 10,753081 | 6⁰ 


— 


11 94240386 | 9,993329 | 9,2470571, 752943 59 
2 | 9,241101 | 9,993307 | | 94247794 | 10,752200 | 58 
39.241814 9.993284 | | 9,248530 | 10,751470 | 57 
4 | 94242526 | 9,993262 | | 9,249264 | 10, 750736 56 
5 | 9-243237 | 9:993249 | | 99249998 | 10,750002 55 
55 9.24224 9,993217 9.250730 10,749270 | 54 
9+244056 | 9-993195 | | 99251461 | 10,748539 | 53 
3 | 9245363 | 9.99372 | | 9,252191 10, 747809 | 52 
9 9,246070 | 9,993149 9.252920 10,747080 | 51 
9,246775 | 9.993127 | | 9,253648 | 10,746352 | 50 
11 | 9.247478 | 94993104 | | 94254374 | 109745626 | 49 
12 | 9.248181 | 9,993081 | | 9,255100 | 10,744900 | 48 
13 | 9.248883 | 9.993059 | | 9,255824 | 10,744176 | 47 
14 | 9-249582 | 9993930 [9.256547 | 10,743453 | 46 
15 | 94250282 | 9,993913 9:257269 | 10,742731 | 45 
16 | 9250980  9,992990 | | 9257990 | 10,742010 | 44 
17 | 9,251677 9.992967 95258710 10, 74129043 
18 | 94252373 9,.992944 9.259429 10,740571 | 42 
19 | 9253067 | 9,992921 | | 9,260146 | 10,739854 | 41 
9.253701 | 9,992898 | | 9,260863 | 10,739137 | 40 
21 | 9254453 | 94992875 | 9.261378 | 10,738422 | 39 
22 | 94255144 | 9,992852 9,202292 | 10,737708 | 38 
23 | 99255834 | 9.992829 | bes col 10,736995 
24 | 9.256523 | 9.992306 | | 9,263717 | 10,736283 | 3 
25 | 99257211 9.992783 [9.264428 | 10,735572 | 35 
26 | 9.257898 | 9.992759 | | 9,265138 10,7 34862 | 34 
27 | 94258583 | 9.992730 | | 9.205847 | 10,734153 | 33 
26 | 94259268 | 9,992713 | | 9,266555 | 10,733445 | 32 
29 | 94259951 | 9,992090 | | 9,267261 | 10,732739 | 31 
30 9, 260633 | 9,992666 | | 9,267967 | 10,752033 | 39 
| Co-Jine | Sine | | Co-tan, | Tangent | M 
79D. OG. 


Sl 


— — 


10 D E G. 
| Ml Sine | 2 ne | | Tangent | | Co-tan. | | 
30 | 94260633 | 9,992666 666 | | 94267967 | 10,7320g3 | 39 
1 
| 31 | 9.261314 9,9926433 9.268671 | 10.731329 29 
32 | 9.261994 | 9.992619 9.269375 | 10,730625 | 28 
33 | 9.202673 | 9.992596 | | 9,270077 | 10,729923 | 27 
34 | 9-203351 | 9.992572 | | 94270779 | 10,729221 | 26 
35 | 9204927 | 9,992549 | | 9271479 | 10,728521 | 25 
36 9.264703 9.992525 9.272178 10,727822 | 24 
| 37 | 99265378 | 9,992501 | | 9,272876 | 10,727124 | 23 
38 | 9,266051 | 9,992478 | | 9.273573 | 10,726427 | 22 
| 39 | 94266723 | 9.992454 | | 94274269 | 10,725731 | 21 
40 | 99267395 | 91992430 | 91274964 | 10,725036 | 20 
boy g,268065 9,992 406 | 9.275658 10,724342 | 19 
42 | 9-268734 | 9,992382 | | 9,276351 | 10,723649 | 18. 
43 | 9-269402 | 9,992358 | | 9,277043 |] 10,722957 | 17 
| 44 | 9270069 | 9.992335 | | 9,277734 | 10,722266 | 16 
45 | 99270735 | 94992311 | | 9275424 | 10,721576 [15 
46 | 9,271400 | 9,992287 | | 9,279113 | 10,720887 | 14 
| 47 9.272063 | 9,9y2263 | | 9,279801 | 10,720199 | 13 
48 | 9,272726 | 9,992239 | | 9,280488 10, 719512 12 
49 | 99273388 | 9,992214 9281174 10.718826 [11 
150 9.274049 9.992190 19.281858 810, 718142 | 10 
51 | 94274708 | 9,992166 | | 9,282542 | 10,717458 9 
| 52 | 9+275307 | 9,992142 | | 9.283225 | 10,716775 | 8 
53 | 94276025 1 9,992118 9.283907 10,7 16093 7 
| 54 | 9276681 | 94992093 | | 9,284588 | 10,715412| 6 
| 55 9277337 | 9992069 | | 9,285268 10, 714732 5 
{50 | 94277991 | 94992045 | | 9.235947 | 10,714053 | 4 
52 9, 278645 [9.992020 9.286624 10, 7133761 3 
58 9.279297 9.991996 | 9,287301 10,7 12699] 2 
5949.279948 | 94991971 | | 942587977 | 10,712023 | 1 
| 60 | 9,280599 | 9.991947 9.288652 | 10,711348 | © 
Oe eee NE CCC ee —_—_— 
| Co-fine | Sine | | Tangene 5 Ce-ta tan, | M 
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* Sine $ cen 21 Lf Tangent | Co-tan, 1 


0 10 925559 f 295 | L. 10,71 15481 bo 


— — 


— 


«pang 94991922 | | | 94289326 | e 59. | 


# Ka, n 


9.281897 9.991897 9.289999 10, 10001 | 58 
1 5 7 1 9:991873 | | 9.290671 r, 709329 | 57 | 


is 283190 | 94991848 | | 9,291342 i 10, 708656856 
39.483836 9-991823.] | 9,292013 1 10, 707987 55] 

FF 5.564486 0.991799 9292682 58 54 

' 71 94285124 | 94991774 | | 94293350 | 10,706650 | 53 


\ * 

N — = - * ＋ 0 3 — — 
- — * 47 = 4 

20 Dodd. tea BK — — A DAB EIT * — 7 3 os * 

1 EDD CREE ion nie St od. — ye oo ws ay os i 


| 
| | 8 | 9.285766 194991749 | | 94294017 | 10,705983 | 52 |. 
| | 9 | 94250408 |,9,991724 | | 94294084 | 10,705316, | 51]. 
| 10 | 9,287048 | 9-991699 9.295349 | 19,704651 | 50 | 
I 11 9,287088 | 91991654 9.296013 10, 703987 42 
5 129, 288326 92991649 9,290077 10, 703323481 
„ 13 9258994 | $,291624 | | 94297339 |.10,702601 | 47 | 
b: 14 9.28960 | 9,991599 | | 9,298001 | 10,701999 46 | 
1 | 15 9,290236 94991574 9, 298652 10,701338 +5} 
1 15 | 9. 290870 „991540 94299322 | 10, 00678 | 44 
4. 


10,700020 43 


y | 17 | 9291504 | 94991524 | | 94299990 43 | 
43 18 9.292137 9.991498 | | 9,300638 | 10,699362 | 42 | 

. 19 | 94292708 9,99 1473 | 94301295 10, 698705 | 41 
A 20 | 99293399 [9.991448 [9.301951 | 10,69804g9 | 40 
| 2I | 94294029 | 9,991422 | | 9,302607 | 10,697393 | 39 | 

| 9294658 | 9.991397 | | 9.303261 | 10,696739 | 38 

| 239,295 286 | 9.991372 | | 9,393914 | 10,696086 

| 24 | 94295913 | 9,991346 2387240 10, 695433 36 

2 | 25. | 9+290539 | 9991984 1-4 9.305210 4 10,004783 | 35 

4 26 | 9,297164 | 9.991295 | | 9.305869 | 10694131 | 34 | | 
: 27 | 94297788 | 9,991270 | | 9.300519 | 10,693481 | 33 

. 9.298412 9,9911244 9,3071168 10, 92832 32 

* 29 952995 4 9,991218 | [9,30 2816 10, 69218431 | 
| | 30 9. 299655 | 9.91i193 | | 9.308463 | 10,691537 | 30 . 
5 | | Co-fave | Sine Co-tan, | Tangent | M | 
: | 78 DE G. | J. 


11 D E G. 89 
M | Sine Co. fine Tangent Co-tan, | + 
1 9,299655 9.991193 9.308463 10,691537 | 3a 
31 19.300276 9,9911679, 309109 | 10, 690891 | 29 
32 9.300895 | 9991141 |, | 9,309754 | 10,690246 | 28 
| 33 | 9391514 | 9-991115 | | 9,310399 | 10,689601 | 27 
34 | 9392132 | 9,991090 | | | 9,311042 | 10,688958 | 26 
35 | 94392749 9.99 1064 | 9.311685 | 10,688315 | 25 
135] 9, 303364 | 9,991038 | | 9.312327 | 10,687673 | 24 
| 37 | 94393979 | 9,99 1012 9.312968 10,687032 23 
38 | 9:304593 9.990986 [9,3 13608 | 10,686392 
39 | 94395207 | 9.990960 | | 9.314247 | 10,685753 
40 J 9,3058199 990934 9.314885 | 10,685115 20 | 
41 | 9.396430 | 9999908 9.318523 10,684477 | 19 
| 42 9,3070419. 9908829, 316159 | 10,684841 | 18 
15 9, 397050 9.990855 9.316795 10, 683205 | 17 
449.3082599, 990829 9.317430 [10.682570 | 16 
45 9.308867 9.990803 9.318064 10,68 1936 115 
* {SOR Nr 9 
46 | 94399474 9,9 90777 [9.318697 10, 68 1303 14 
47 | 9,310050 9.990750 9,319339 | 10,680670 | 13 
48 | 9.310685 | 9,999724| | 9,319961 | 1c,680039 | 12 
49 9.311289 | 9,990 „ 5 3205992 | 194679408 | 11 | 
328 9,311893 | 9, 99067 1 9,321222 10,678778 | 10 
51 | 94312495 | 9,9900645 [9,3218511 [10,678 149 9 
52 9,3 13097 | 9,990618 | | 9,322479 | 10, 677521 8 
53 | 9313698 | 9990591 | : 9323106 | 10,676894 | 7 
54 | 94514297 | 9,990565 | 9:325733 10,676267 | 6 
55 | 9.314897 | 91999338 | | 9.324358 | 10,675542 | 5 
56 | 9.315495 9.990512 | | 9.324983 | 10,675017 | 4 | 
| 57 | 9316092 | 9999485 9,3256010, 674393 3| 
58 | 9,316689 | 9,990458 9,320231 | 10,673-69 | 2 
| 59 |. 94317284 | 9,999431 | | 9.329853 t 1] 
50 1 9.317879 | 9999404 f 94327475 | 10,672525 | © 
; | Co-ſine B Sine} Co-tan, A; Tangent ] M 
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90 12 D E G. 
— — — — — — — 
MJ Sine Cone Tangent | Co-zan. | | 
o | 9.317879 | 9.990404 | | 9.327475 | 10,672525 | 60 
ra Bf FF 
1 | 9,318473 | 9,9 90377 [ 9,328095 | 10,67190g | 59 
29.319066 | 9,99035 1 9.328715] 10,671285 | 58 
3 | 9.319558 9,990324 | | 94329334 | 10,670066 57 | 
4 | 9.320250 | 9,990297 | | 94329953 | 10,670047 | 56 
5 | 9.320840 | 9.990270 | | 9.330570 | 10,669430 | 55 | | | 
6 | 9.321430 | 9.990243 | | 9.331187 | 10,668813 | 54 | | 
7 | 9.32291y | 9,999215 9,331803 | 10,608197 | 53 
8 | 9,322607 | 9,990188 9,332418 | 10,657582 | 52 
9 | 94323194 | 9.990161 | | 9.333033 | 10,666967 11 
10 | 9.323760 | 9.999134 | | 9.333645 | 10,666354 | 50 
11 | 94324365 | 9.990107 | | 9.334259 | 10,665741 | 49 
12 | 9324950 || 9-990079 | | 9.334871 | 10,665 129 | 48 | 
13 | 94325534 | 9-990052 | 9,3358482 10,664518 | 47 
| 14 | 94326117 | $,990025 | | 9,336093 | 10,663907 | 46 
E 9.326709 | 9.939997 | | 9.336702 | 10,663298 | 45 
16 | 9 327281 | 5,989970 9,337311 | 10, 6620899 | 44 
17 9.327862 | 9,989942 94337919 | 10,662081 | 43 
18 9.328442 9.989918 | | 9.338527 | 10,661473 | 42 
19 | 9.329021 | 9,989887 | | 9,339133 | 10,660867 | 41 | 
2 9, 329599 9.989860 | | 9.339739 10, 660261 | 40 | | 
21 | 9,3 30176 | 9,989832 | | 9.349344 | 10,659656 | 29 | 
22 | 94330753 | 9.989804 9.340948 } 10,659052 | 38 | 
23 | 94331328 | 9,989777 | | 9.341552 | 10,658448 37 F 
24 | 94331903 | 94989749 | | 94342155 | 10,657845 | 36 
25 | 9.332478 | 9.989721 | | 94342757 } 10,657243 | 35 : 
| 26 | 94333953 | 9.989693 | | 9343358 | 10,656642 | 34 b 
27 | 94333624 |.9,989665 | | 9.343958 | 10,656042 | 33 : 
28 | 94334195 | 95689637 | | 9:344558 | 10,655442 | 32 
29 | 94334706 | 9.989609 | 94345157 | 10,654843 | 31. E 
30 | 94335337 | 9.989581 | | 9345755 | 10,654245 | 30 | . 
| Co-fine | Sine | | Co-ran. | Tangent | M | 4 
> 7 DEG...” 5 | : 


_— 
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12 DE G. 
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91 


Sine | 


* ine 


| | Tangent | « Co-tax. 


133 


30 F 99335337 | 9, 9.989587 | 1 94345755 | 10,68 4245 | 30 


31 | 9.335906 | 9.989553 | | 9.346353 | 10,653647 | 29] 
32 | 94330475 ] 9,989325 | | 9.346949 | 10,653051 | 28 
33 | 9.337043 | 9:989497 | | 94347545 [10,65 2455 | 27 
34 9.337610 9.989469 | | 9,348141 | 10,651859 26 
35 | 9.338176 9.989441 9.348735 10,65 1265 | 25 
36 | 9,338742 | 9,989413 | | 9.349329 | | 10,650671 | 24 
37 9.339306 9.989384 | | 9,349922 | 10,650078 | 23 
38 | 9.339870 | 9.989356 | | 9.350514 | 10,649486 | 22 
39 | 9.34434 9.989328 | | 9,351106 | 10,648894 | 21 | 
49 | 9,349996 | 9.989299 | | 9.351697 | 10,648303-] 204 
41 | 9,341558 | 9,989271 | | 9,352287 10, 647713 19 
1999-989245 9.559 10,647124 | 18 | 
1439.342679 | 9.989214 | | 94353465 1 171 
44 9.343239 | 9.989186 | 9.354053 10, 645947 | 16 
45 | 9.343797 | 9989157 | | 9.354649 | 10,645 360 15 
i 46 | 9344355 | 9-989128 | | 9.355227 10,644773 | 14 
| 47 | 9+344912 J 99989100 | | 9,355813 | 10.644187 | 13 
48 | 9.345469 | 9.989071 | | 9.356398 | r0,643602 | 12 | 
Be 9, 340024 | 9,989042 | | 9,356982 | 10,643018 [1 
50 | 94340579 | 9989014 | | 9.357506 [10.642434 10 
51 | 9.347134 | 9988985 | | 9.358149 | 10,641851 | 9 
52 | 9.347687 | 9.988955 | | 9,358731 | 10,641269 | 8] 
| 53 9.348240 | 9,988927 | | 9,359313 | 10,640687 | 7 
54 | 9.348792 9.988898 | | 9,359893 | 10,040107 | 6 
| 55 | 9349343 | 9.988869 | | 9,360474 | 10,639526] 5 
; wg 
56 | 94349893 9988840 9.361053 | 10,638947 | 4 
57 | 9350443 | 9.988811 | | 9,361632 | 10,638368 | 3 
| 58 | 9.350992 222377 2 2 | 10,637790 | 2 
59 9.351540 | 9,98 2 9,3 — 10,637213| 1 
| 60 9, 352088 9.988724 9,36 5336 4 10, 36636 0 
| Co-/ine [ Sine 1 Co-ian. | Tangent | M 
77 DE G. 
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13 D E G. 


— a * 4 


M | 


Sine 


Co- 


| | Tangent | Co-tan. 


o 


o | 9.352088 | 0.988724 | | 9.363364 10.636636 | 60 


119. 352635 19.988695 i 19 303940 10,636060 
29.353181 9.588655 9.364515 10.635485 | 58 
39.353726 9.588636 9.36559 10.634919 | 57 

1419.354271 | 9.988607 9.365664 | 10.634336 | 56 

5 | 9:354815 | 9.988578 | | 9.366237 | 10.633763 | 55 

6 | 5-353358 | 9.988548] | 9.366810 | 10.633190 | 54 
| 7 | 9-355991 | 9:988519 | | 9.367382] 10.632618 | 53 

| 8 | 9-356443 9.989489] 9.367953 | 10.632047 | 52 

9 | 9356984 | 9:988460 | | 9.368524 | 10.631476 | 51 
10 | 9.357524 | 9.988430 9.369094 | 10.630906 50 
| 11 | 9.358964 | 9.938401 | | 9.36966; | 10.630337 | 49 
12 | 9.358603 | 9.988371 9.375232 | 10.629768 | 48 
13 | 9.359141 9.988341 9.370799 0.629201 | 47 
14 | 94359973 v: 9.371367 10.628633 | 46 
115 | 9.360215 | 9.988282 9.371933 | 10.628067 | 45 
16 9.360752 9.988232 9.372499 | 10.627501 | 44 
| 17 | 9-391287 | 9.988223 | | 9.373064 | 10.626936 | 43 
18 | 9.351822 | 9.988193 | | 9-373629 | 10.626371 | 42 
19 | 9.362356 | 9.988163 | [9.374793 | 10.925807 |} 41 
| 20 9.362889 | 9.988133 | [9374750 | 10-025244 | 40 
| 21 | 9.363422 | 9 988103 | | 9.375319 10.624681 39 
22 | 9:353954 | 9.988073 | | 9.375881 | 10.024119 | 38 
2349.364485 | 9.988043 | 9.376442 | 10.023558 | 37 
24 9.365016 9.988013 | 9.377003 10.622997 | 36 
2519.365546 9.987983 [19.377563 19.622437 | 35 
26 9 3060 9.987933 | 9.37822 [10.621878 | 34 
| 27 | 9-369604 | 9.987922 | | 9.378081 | 10.021319 | 33 
28 | 9.367132 9.987892 | 9.379239 10.620761 32 
29 | 9-307659 | 9987802 | | 9:379797 10.620203 31 
30 | 9.308185, | 9.987832 9.380354] 10. .619646 

| Co-fine | Sine [ | Co-tarn. | Tangent | M 
| 200 D E 8. 
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13 D E G. 


— comnmnmnn—gs y 


93 


— nes 


1·¹ 8 | Co. ine Tangent | Co -tan, my 


5 19.368185 | 9. 987832 | | 9. 380354 | 10.619646 | 30 


31 | 9. 368711 9.987801 9. 380910 10. 619090 } 29 
| 32 | 9.369236 | 9.987771 | | 9.381466 | 10.618534 
33 | 9-369761 | 9.987740 | | 9.382021 | 10.617980 
34 | 9.370285 | 9.987710 | | 9.382575 | 10.617425 
$ 35 | 9.370808 | 9.987679 9.383129] 10.616871 | 25 
36 9.371330 9.987649 | 9.383682 [10.616318 
37-1 9-371852 | 9.987618 | . | 9.384234 | 10.615766 | 23 
| 38 9.372373 9.987588 9.384786 10.615214 11 
39 9.372894 9.987557 9385337 [10.614603 
14019373414 9.987526 9.385888 | 10.614112 70 
41 | 9.373933 9-987496 | | 9.386438 | 10.613562 | 19 
42 9.374452] 9.987465 9.386987 10.613013 | 18 
43 | 9-374970 | 9-987434 | | 9387536 | 10.612464 
44 | 9.375487 | 9-987403 9.388084. | 10.611916 | 16 
45 9.376003 | 9.987372 9.388631 | 10.611369 | 15 
15 9.376519 | 9.987341 | | 9.389178 | 10.610822 
47 | 9377935 | 9:987310 | | 9:389724 | 10.610276 | 13 
48 | 9-377549 | 9.987279 | 9-390270 | 10.609730 | 12 
1499.378063 | 9.987248 9.390815 | 10.609185 | 11 
50 9.378577 9.987217 [9.391360 | 10,608640 ] 10. 
51 9.379589 | 9.987186 | | 9.391903 | 10.6080g7 | 9 
52 | 9.379601 | 9:987155 | | 94392447 | 10.607553 | 8 
53 | 9.380113 | 9-987124 | | 9.392989 | 10.607011 | 7 
| 54 | 9.380624 9:987092 | | 9393531 | 10.606469 | 6 
| 58 | 9-381134 | 9.987061 | | 9.394073 | 10.605927 | 5 
q 56 | 9-381643 | 9.987030 | | 9.394614 | 10.605386 ( 4 
c7 | 9.382152 | 9.986998 9.395154 10.604846 | 3 
58 | 9.382661 [-9.986967 [9 395694] 10.694306 2 
| 39 | 9:383168 | 9.986936 | | 9.396233] 10 603767 | 1 
150 9.383675 | 9-986904 | 9.39677 10.603229 © 
1I— — — — —ͤä [·— — 
Cone] Sine | | Co-tan. | Tangent; | M | 
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14 DEG. 


A ” 


M | 


Sine | 


Co-/ine 


| | Tangent | Co-tan, | 


o 9.383675 [9.986904 | | 9-396771 | 10.603229 | 60 


1 | 9.384181 | 9.986873 | | 9.397309 | 10.602691 | 59 
2 | 9.384687 | 9.986841 9.397846 | 10.602154 | 58 
3 | 9.385192 | 9.986809 9-398383 | 10.601617 | 57 
4 | 9.385697 | 9.986778 | | 9.398919 | 10.601081 | 56 
5 | 9.386201 | 9.986746 | ] 9-399455 | 10.600545 | 55] 
6 | 9.386704 | 9.986714 | | 9.399990 | 10.600010 vey 
79.387207 | 9.986683 | | 9.400524 | 10.599476 | 53 
8 | 9.387709 986651 9.401058 | 10.598942 52 
9 9.388210 | 9.986619 9.401591 10.598409 | 51 
10 | 9.388711 | 9.986587 | | 9.402124 | 10.597876 | nf 
11 | 9.389211 | 9.986555 | | 9.402656 | 10.597344 | 49 
12 | 9.389711 | 9.986523 | | 9.403187 | 10.596813 | 48 
13 | 9.390210 | 9.986491 | | 9.403718 | 10.596282 47 
14 | 9.390708 | 9.986459 | 9.404249 [10.595751 | 46 
15 | 9.391206 | 9.986427 | | 9404778 | 10.595222 | 45 
16 | 9.391703 | 9.986395 | | 9.405308 | 10.594692 | 44 
17 | 9-392199 9.986363 | 9.405836 | 10.594164 | 43 
18 9.392695 | 9.986331 | 9.405364 | 10.593636 | 42 
19 | 9.393190 | 9.986299 | | 9.406892 | 10.593108 | 41 
20 | 9.393685 | 9.986266 | | 9-407419 10.592581 40 
21 | 94394179] 9986234] [9.407945 10.592055 | 39 
22 | 9.394673 | 9.986202 9.408471 | 10.591529 | 38 
23 | 9395166 | 9.986169 | | 9.408596 | 10.591003 | 37 
24 | 9-395658 | 9.986137 | 9.409521 10.590479 26 
25 | 9.396150 | 9.986104 | | 9.410045 [10.589955 | 35 
26 | 9.396641 | 9.986072 | | 9.410569 | 10.5894 31 | 34 
27 9.397131 94986039 9.411092 | 10.588g9c8 | 33 
28 | 9.397621 | 9.986007 9.411615 | 10.588385 | 32 
29 | 9:398111 | 9.985974 | 1 9.412137 | 10.587863 | 31 
30 | 9.398600 | 9.985942 | | 9412658 1 10.587342 | 30 
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MI Sine | Co-fine | | Tangent | Co-tan. 
30 | 9.398600 | 9.985942 | | 9.412658 | 10.587342 | 
31 | 9-399088 | 9.985909 | | 9.413179 | 10.586821 | 29 | 
32 | 9-399575 | 9:985876 |. | 9.413699 | 10.5863o1 | 28 | 
33 | 9-40006z | 9.985843 | | 9.414219 | 10.585781 | 27 
34 | 9:490549 | 9-985811 | | 9.414738 | 10.585262 | 26, 
3519.401035 1 9-985778 | 9.45257 [10.584743 | 2 
36 | 9.491520 | 9.985745 9-415775 10.584225 | 24 
37 | 9.402005 | 9.985712 | | 9.416293 | 10.383707 | 23 
[3 9.402489 | 9.985679 | | 9.416810 | 10.583190 | 22 
39 9.402972 | 9.985646 | | 9.417326 | 10.582674 | 21 
| 42 9.403455 | 9-985013 | | 94417842 | 10.582157 | 20 
Lt | 9.493938 | 9.985580 | 19.418358 | 10.581642 | 19 
42 9.404420 9.985547 | 9.418873 10. 581127189 
43 9.404901 9.985513 9.419387 10.5 8061317 
449.405 382 | 9.985480 5. 419901 | 10.580099 | 10 
j 45 | 9.405862 | 9.985447 | | 9-420415 | 10.579585 | 15 
46 | 9:496341 | 9.985414 | | 9.420927 | 10.579072 14 
47 9.406820 | 9.985380 9.421440 | 10.578560 | 13 x 
148 | 9.407299 9.985 347 9 421951 10.578048 | 12 
49 9.407777 9.285286 9.422403 10.577537 [11 
| 50 | 9-498254 | 9.985280 | | 9.422973 | 10.577026 | 10 f 
| 51 | 9-408731 | 9.985247 | | 9:423484 | 10.576516| 9 
529409207 | 9.985213 9419993 10.576007 8 
5319.409682 9.985180 | | 9.424503 | 10.575497 | 7 
54 | 9-410157 | 9.985146 9.425571 10.574989 © 
55 19.410632 | 9.985112 | | 9.425519 10.574481 | 5 
1569.411706 9.983079 | | 9.426027 | 10-573973| 4 
$7 | 9:411579 9.985045 | 9.426534 | 10.573466 | 2| 
158 2 9.985011 | 9.427041 | 10.572959 | 2 
59 | 9412524 | 9.984977 | 9-427547 10.572453 t | 
has 9.412996 9-984944 | 9428054 | 10.571947 | ©; 
| — | 
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11 Sine Corine | Tangent | Co-tan. | 7 


NG 
0 5412990 9.984944 19.428052 —7¹947 1 6c 60 
1 | 9.413467 | 9:984910 | | 9.428557 | 10.571442 59| 
29.413938 | 9-984876 | | 9.429062 | 10.570938 | 58 
39.414408 | 9.984842 | | 9.429566 } 10.570434 | 57 
4 | 9:414878 | 9.984808 | | 9.430070 | 10. 509939, 56 
5 | 9:415347 | 9:984774 | | 9:430573 10.569427 | 55 | 
6 | 9.415815 9.984740 | | 9.431075 | 10.568925 54 
7 | 9:416283 | 9.984706 | | 9.431577 | 10.568423 | 53 
8 | 9.416751 | 9.984672 | 9. 432079 | 10.567921 | 52 
9 | 9:417217 |'9-984637 | | 9.432580 | 10.567420 | 51 
10 | 9.417684 | 9.984603 | 9.433086 | 10. 566920 50 
11 9.418149 | 9.984569 | | 9.433580 | 10.566419 | 49 
12 | 9.418615 | 3.984535 9.434080 10.565920 48. 
13 9.419079 9.98450 9. 6572 10.565421 47 
1449.419544 9.984466 9.158075 10.564922 46 
159.4) 9.984432] | 9.435576 | 10.564424 45 
16 | 9.420470 | 9:984397 | | 9.436073 | 10.563927 | 44 
17 | 9:429933 9.984363 | 9436570 | 10.563430 | 43 | 
9.421395 | 9.984328 9437007 10.562933 | 42 | 
9:984293 | [9.437563 | 10.562437 72 
9.422318 [9.984259 | 19.438059 10.561941 
21 e | | 9.438554 | 10. 561446 = 
22 | 9.423238 | 9.984189 | | 9.439048 | 10.560952 | 38 
23 9.423697 | 94984155 | | 9.439543 | 10.560457 | 37 
24 9.424156 9.984120 9.440036 | 10.559964 | 36 
25 9424615 9.984085 ] 1 9.449529 | 19-559471 | 35 
26 | 9.425073 | 9-984050 | | 9 441022 | 10.558978 | 34 
27 | 9-425530 | 9:984015 | | 9.441514 | 10.558486 | 33 
28 | 9.425987 | 9-983980 | | 9:442006 | 10.557994 | 32 
29 | 9 426443 | 9:983945 | | 9.442497 | 10.55750; | 31 
30 | 9.426399 9.983910 | | 9.442988 [10.537012 | 30 
. | Co fue | Sine | | Co-tan. #5 e 1M 
55 . 89 D E G. 1 
n | Ts | 


74 DE G. 
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15 DEG. 97 
——— — — 3 ˖ — —— 
MI Sine || Co-fire | | Tangent | Co-tan. | 
30 | 9426899 | 9.983910 | | 9.442988 | 10.557012 | 30 
31 | 9:427354 | 9.983875 | 9:443479 | 10.556521 | 29 | 
32 [9.427809 | 9.983840 | | 9.443968 | 10.556031 | 28 
33 9.428263 | 9.983805 | | 9.444458 | 10.555542 we. 
34 | 9428717 9.983770 9.444947 | 10.555053 | 26 
35 1 9:429170 9.983735 | | 9:445435 | 10-554505 1 25 
36 | 9-429623 | 9.983699 | | 9.445923 | 10:554077 | 24 
37 | 9-439075 | 9-983664 | | 9.446411 | 10.55 3589 | 23 
38 9.430527 9.983629 9.446898 J 10.553102 | 22] 
39 9.430978 9.983594 9.447384 10.552616 | 211 
40 9.431429 9 983558 [9.447870 10.552129 J 20 
5-5 . $a 
41 9.431879 | 9-983523 | 9.448356 10.55 164419 
42 | 9432328 | 9.983487 | | 9.448841 | 0.551159 113 
43 | 9:432778 [9.983452 | 9-449326 | 10.550674 | 17 
44 | 9-433226 | 9.983416 9.449810 | 10.550190 | 16 
45 9.433675 [9.983380 | | 9.450294 | 10.549706 | 15 
46 | 9434122 | 9.983345 | | 9450777 | 10.549223 | 14 | 
472434569 | 9.983309 9.451260 | 10.548740 | 13 
48 9:435016 | 9.983273 9.451743 | 10.548257 | 12 
49 | 9-435402 | 9.983238 | | 9.452225 | 10.547775 | 11 
3 9.435908 | 9.983202 9.452706 | 19.547294 | 1Q 
51 | 9:436353 | 9:983166 | | 9.453187 | 10.546813 9: 
52 | 9:430798 | 9.983130 | | 9.453668 | 10.546332| 84 
53 8.437242 9.983094 | | 9.454148 | 10.545852 | 7 
54 | 9:437686 | 9.983058 | | 9.454628 | 10.545372 | 6 
55 1 9:438129 [9.983022 [9.455 10% 1.544893 | 5 
56 | 9.438572 | 9.982986 | | 9.455586 | 10.544414 | 4 
| 57 | 9439914 9.982950 | | 9-456064 10. 543936 3 
58 1 9:439450 | 9:982914 | | 9 456542 | 10.543458 | 2 
599439897 | 9-982878 | | 9.457019 | 10.542980| 1 
Ba 9.440338 9.982842 [9.457490 10.542503 | © 
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Wn] Sine | Co-fine | | Tangent | Co-ran, | 


0 19 440338 19.5 982842 [9.457496 | 10. 503 6⁰ 


1 | 9.440778 | 9-982805 | | 9-457973 | 10.542027 | 59 
29.441218 9.982769 | 9.458449 | 10.541551 58 
3 | 9:441655 | 9-982733 | | 9.458925 | 10.541075 | 57 
4 | 9:442096 | 9.982696 | | 9 459400 ' 10.540600 | 56 
5 | 9:442535 | 9.982660 | | 9.459875 | 10.540125 | 55 
6 | 9:442973 | 9-982624 | | 9.460349 | 10.539651 | 54 
7 | 9:443410 9.982587 9.460823 | 10.539177 | 53 
8 | 9-443847 | 9-932550 | | 9.461297 | 10 5:8703 52 
9 9.444284 9.982514 | | 9 461770 | 10.5 3823051 
10 [| 9-444720 | 9 982477 | | 9-462242 | 10.537758 50 
= 9445155 . 9.462714 | :0.537285 49 
9.445590 [9.982404 9.403186 | 10.5 368 14 48 
| 13 | 9.446025 1 0.983367 | | 2 463658 10.336345 47 | 
49.446459 9982330 | | 9 464129 | 10.535871 | 46 | 
15 | 9 440893 9:982294 | 9.44599 | 10-535401 | 45 | 
— | 


21 pos 9.465069 | 10.534931 | 44 
9-447759 , 9:982220 | | 9.465529 | 10.534461) | 43 | 


9.448191 | 9.982183 9.465008 [10.5 33992 | 42 
0 9.448623 9.982146 9.466476 | 10.533523 [41 
9.449054 9.982 109 t | 9.466945 [10.533055 40 
| 9.449485 | 9982072 9.467413 | 10.532587 39 | 
— 3 9.982035 9.467880 10.532120 384 
23 | 94450345 | 9.981998 | 9-468347 | 10.531053 | 37 
= 9-450775 | 9-981961 9.468814 10.531186 | 36 | 
A 9.9194 1-3 9-409250 10.587 8 


Fed? 


26 9.451632 9.981886 
218.5 452060 | 9.981849 


f 9.469745 | 10. 530254 33 34 
9.470211 | 10.529789 


28 | 5.452488 | 9.981812 9.470676 | 10.529324 | y: | 
2g | 9:452915 | 9-981774 | | 9.471141 10.528859 31 
9.453342 [8.981737 | 1 9-471605 70.528395 30 


ES | Co-fne | Sine = Co-tan. | Tangent M 
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16 D E G. 


© e 
4: ee | | Tangent | Co-ran. | 


| M | Sine 
E 9.453342 | 9- 981737 | 1 9. 471605 10.528395 | 39 
31 | 9-453768 | 9.981699 | | 9.472068 10.527931 | 29 
| 32 9-454194 | 9.981662 9.472532 | 10.527468 | 28 
33 | 9-454619 | 9.981624 | | 9.472995 | 10.527005 | 27 
349455044 9-981587 | | 9:473457 [10.526543 26 
|35 | 9-455469 | 9-981549 | | 9473919 | 10-526081 | 25 
36. | 9:455892 | 9-981512 | | 9.474381 | 10-525619 | 24 
9-456316 | 9-981474 | | 9-474842 [10.525158 | 23 
38 | 9-450739 9.981436 9.475303 | 10.524697 | 22 
22 9.457162 9.981398 | | 9.475763 10.524237 | 21 
| 9.457584 9.981361 9.476223 | 10-523777 20 
41 | 9-458006 9.981323 9.476683 10.523317 | 19 
42 9.458427 [9.981285 9.477142 | 10.522858 | 18 
43 | 9458848 9-981247 | | 9.477601 | 10.522399 17 
44 | 9.459268 | 9.981209 9-478059 | 19.521941 | 16 
45 9.459688 | 9.981171 | 19.478517 A e. 15 
| 46 | 9.460108 9.981133 9.478975 10.k 521025 Te 
47 | 9:460527 | 9-981095 | | 9479432 | 10-520568 | 13 
1 48 | 9460946 | 9 981057 | | 9.479889 | 10.520111 | 12 
49 | 9 461364 | 9.981019 | | 9.480345 10.519685 | 11 
— AA 9.980980 9.480801 | 10.519199 | 10 
$1 | 9.462199 9.980942 8 10.518743 9 
9.462616 | 9.980904 481712 | 10.518288 | 8 
27 22 9.980866 5.482167 10.517833 7 
549463448 9.288535 9.452021 10.517379 | 6 
55 9.463864 | 949 $0789 9.483575 10 516925 | 5 
— — — — - — 
56 | 9.464279 | 9.580750 9 483528 | 10.516471 | 4 | 
| 57 9404094 94980712 9.483982 | 10.516018 | 3 
| 58 9.465 108 | 9.980673 | | 9.484434 | 10-515565 | 2 
59 | 9.465522 | 9,980635 9.484887 | io.515112 {| 1] 
60 | 9-465935 | 9-980596 | | 9-455339 | 10.51466r | © 
| Co-fine | Sine 4 | Co-tan, | Tangent 15 
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o | 9.465935 | 9.980596 | | 9.485339 | 10.514661 | 60 


— — — — — — — ö 


17 D E G. 


Sine | Co-fine | Tangent 


Co- tan. | 


Cone] Sine | | Co-ran. | Tangent |M 


1 | 9:466348 | 9.980538 | | 9.485791 | 10.514209 | 59 
2 | 9.466761 | 9.980519 9.480242 | 10.513758 | 58 
3 | 9:467173 | 9.98c480 | | 9 486693 | 10.513307 | 57 
3465555 9.980441 9.487143 10.512857 56 
5 9.467996 9.980403 9.487593 10. 5 12407 | 55 
6 | 9.468407 | 9.980364 | | 9.488043 | 10.511957 | 54 
7 | 9.468817 9.980325 9.488492 | 10.511507 | 53 
8 | 9:409227 | 9.980236 | | 9.485941 | 0.511059 | 52 
9 | 9.469637 | 9.980247 9.489390 | 10.510610 | 51 
10 | 9.470046 9.980208 | 9.489838 10.5 10162 50 
1119.470455 | 9.980169 9.490286 | 10.5097 4 | 49 
12 | 9.470863 | 9.980130 | | 9.490733 | 10.509267 48 
13 [9471271 | 9.,;80091 | | 9.491180 } 10.5088:o | 47 | 
14 | 9.471678 | 9.980052 9491627 | 1950857 46 
15 | 9.472086 | 9.980012 | | 9.492073 10. 507927 45 
16 | 9.472492 9-979973 | | 9-4925ig | 10.507481 | 44 
17 9.472898 | 9.979934 ; | 9-492964 | 19 50703543 
18 } 9.473304 | 9.979894] | 9-493410 | 10.506590 | 42 
19 5.473710 | 9.979855 | 493854 10.506145 | 41 
20 | 9.474115 [9.379816 | | 9.494299 | 10.505701 | 40 
21 | 9-474519 | 9-979770 | | 9-494743 | 19:505257 | 39 
22 | 9-474923 | 9:979737 | | 9:495186 } 10.504813 | 38 
23 | 9.475327 1 9.979697 9.495630 | 10.504370 | 37 
24 i 9 475739 9.79658 | | 9.496073 | 10.503927 | 36 
25 9.476133 [9.979618 9.496515 |] 10.503485 | 35 
26 | 9:476536 9.979578 [9.496957 | 10.503043 | 34 
9.476938 | 9:979539 | 9.497399 | 10.502601 | 33 
28 9.477340 94979499 | | 9:497840 | 10.502159 | 32 
29 9.477740 | 3375459 9-498282 | 10.501718 | 31 | 
30 | 9-478142 | 9:979419 9-498722 | 10.501278 | 30 
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Co-fine 


30 9.478142 [. 979419 ] 9.498722 10. 0.501278 30 


Tangent | Cen. | | 


1 31 | 9478542 9-979380 | 9.409163 | 10 0.500837. 29 
32 9.478942 9.979340 9.9950 | 10.500397 | 28 
| 33 | 9:479342 | 9.979 3% | | 9.500042 10.499958 27 
34 | 9479741 | 9.979260 | | 9.500481 | 1.49959 26 
35 1 9-480140 | 9:-979220 | | 9.500920 | 10. 499080 | 25 
36 | 9-480538 9.979180 | 9.501359 | 10.498641 44 | 
37 | 9:480936 | 9-979140 | | 9-501757 | 10.498203 | 23 | 
38 | 9481334 9-979999 | | 9:592235 | 10.497765 22 
39 | 9-481731 ! 9.979059 | | 9.502672 | 10.497328 | 21 
4019 .482128 9.979019 9. 303 109 10.496891 20 
41 9.482525 9.978979 | | 9:503546 | 10.496454 | 19 
42 | 9.482921 | 9.978939 9.503982 | 10.496018 | 18, 
| 43 | 9483316 | 9.978898 | | 9.304418 | 10.495582 | t7 
449483712 9.978858 | 9.504854 | 10.495145 | 16 
45 9.484106 | 9.978817 | | 9.505289 | 10.494711 | 1g | 
46 | 9.484551 | 9978777 9 505724 10.494276 | 14 | 
47 9.484895 | 9.978736 | | 9:306158 | 10.493841 | 13 
48 | 9-485289 | 9.978696 | | 9.506593 | 10.493,07 | 12 
49 | 9:485682 | 9.978655 | | 9.507027 | 10.49:973 | 11 | 
50 9.486075 9.978615 9.507460 [10.492540 | 16 

9-486467 | 9.978574 | 9-507893 10.492 100 © 
9.466359 9.978533 | 9.508326 | 10.491674 8 
4 9.487251 9.978493 | 9.508759 [10.491241 7 
54 | 9.487642 | 9.978452 | | 9.509191 10 490809 6 
55 94493033 | n 206490377 }. Lf; 
: = es 
9.488424 | 9.978370 | | 9 510054 . + | 
3-412 {L642 9.510455 | O-489515 | 3 
58 9.489204 | 9.978288 9.5109-6 | 10.489084 | 2 
39 | 9489593 | 9978247 | | 5-511340 | 10..886;4| 1] 
60 ! 9.489982 9. «978206 | 9. 311776 10.488224 0 
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M| Sine {| Co-/ine | Tangent | Co-tan. 
© 9.489982 | 9.978206 | | 9.511776 | 10.488224 | 60 
hin — 2 . ————— — 
19.490371 9.978165 | | 9.512206 | 10.487794 59 
2 | 9-490759 | 9-978124 | | 9.512635 | 10.487365 | 58 
3 | 9-491147 9.978083 | 9.513064 | 10.486936 | 57 
4 | 9:491534 | 9:978042 | | 9.513493 | 10.486507 | 56 
5 | 9-491922 | 9.978000 | | 9.513921 | 10.486079 | 55 
1619.492308 | 9:977959 | | 9:514349 | 10-485651| 5 
719.4926959 9779189814777 | 10.485223 | 33 
8 | 9-493080 | 9.977877 | | 9.515204 | 10.484796 52 
9 | 9 493465 | 9:377835 | | 9:515631 | 10.484369 | 5t 
| 15 9.49385 1 9.977794 | 9.516057 | 10.483942 | 50 
11 | 9.494236 | 1. 9.5 16484 100483516 | 49 
12 | 9.494620 | 9.977711 | | 9.516910 | 10.483090 | 48 
13 | 9 495005 | 9.977669 | | 9.517335 | 10.482665 | 47 
14 | 9-495388 | 9-977628 | | 9.317761 | 10.482239 | 46 
15 | 9-495771 | 9-977586 | | 9.518185 | 10.481814 | 45 
j 15 | 9-496154 | 9:977544 | | 9.518610 | 10.481390 | 44 
17 | 9:496537 | 9:977503 | | 9:519034 | 10.480966 | 43 
13 | 9.496919 | 9.977461 | 9.519458 | 10.480542 | 42 
19 9.497301 | 9.977419 | | 9.519882 | 10.480118 | 41 
1 9.497682 9.977377 [9.520305 [10.479695 | 40 
21 9.498063 | 9.977335 | | 9-520728 10.479272 | 39 
22 | 9.498444 | 9.977293 9.521151 | 10.478849 | 38 
23 | 9.498824 | 9.977251 | | 9.521573 | 10.478427 | 37 
24 | 9.499204 | 9977209 | [9.521995 | 10.478005 | 36 
25 9.499584 9-977167 | | 9-522417 | 10.477583 | 35 
; 20 | 9.499963 | 9:977125 | | 9.522838 | 10.477162 | 34 
1279.500342 9.977083 9.523259 | 10.476741 | 33 
28 | 9.500720 | 9.977041 9.5 23679 | 10.476320 | 32 
29 | 9-501099 9.975999 | | 9.524100 | 10 475900 | 31 
30 9.501476 9.976956 | [5.524520 | 10.475480 | 30 


| 


gz Co-fine | Sine | | Co-tan, | Tangent [M { 


| . 


— — 


„ 


| 21 D E G. : 


—— 


— 
2 


»„— 


2 


r 


— — 


— 
7 


- 


— 


ß EE RG Y 


103 


lle 


18 D E G. 
M | Sine. | Conf ine | | Fragen} Co-tan. [ 
301 9. 301476 9.976956 1 9.524520 10.475480 | 30 
3 9.501854 9.976914] 9.524939 N 29 
9-502231 | 9.976872 | 9.325359 | 10.474641 
+ 3 9.502607 | 9.976830 | | 9. 525778 10.474222 ” 
34 | 9-502984 | 9.976787 | 9.526197 | 10.473803 | 26 
| 35 | 9:503360 | 9:976745 | | 9:526615 | 0.473385 | 25 
36 | 9-503735 | 94976702 | 9527033 10.472967 | 24 | 
37 ] 9:504110 | 9.976660 | | 9.527451 [10.472549 | 23 
38 9.504485 | 9.976617 | | 9.527868 [10.472132 | 22 
39 9.504860 | 9.976574 H 10.471715 | 21 | 
| | 9:595234 9.976532 [9.528702 | 10.471298 | 20 
41 | 9. 505608 9.976489 9.529118 | 10.470881 19 
42 9.505981 9.976446 [ 9.529535 10.470465 | 18 
43 | 9:500354 9.976404 | 9529950 I 10.470049 | 17 
44 | 9 506727 | 9.976361 9.535386 10. 46963416 
45 1 9-507099 9.976318 [9.53781 10.469219 | 15 
46 | 9.507471 9.976275 | 9531196 10.468804 | 14 
47 | 9:507843 | 9-976232 | | 9.531611 | 10.468389 | 13 
48 | 9.508214 | 9.976189 | | 9.532025 | 10.467975 | 12: 
49 | 9-508585 | 9.976146 | | 9.532439 | 10.467561 | 11 
— 9.508955 9.975103 9.532852 | 10. 467147 10 
IE |: 9.509326 227857, 9.533260 | 10.466734 9 
52 9.509696 | 9.97601 9-533679 | 10.466321 | 8 
53 9.510055 | 9.97 15974 3.334093 10.4690 7 
549.5 10434 9.975930] 9 534504 | 10.465496 | 6 
55 | 9.81803 9.975887 9.534916 10.468841 5 
56 | 9-511171 | 9-975 544 | 9.535328 | 10.464672 | 4 
1 57 9.511540 | 9:975800 | | 9:535739 | 10-464261 | 3 
58 | 9.511907 | 9975757 | | 9-536150 | 10463849 'F 
59 | 9:512275 | 9-975713 | | 9-536561 | 10.463439 | 1 
| | 60 ' 9.512642 | 9:975670 | 1 9. 536972 | 10 463028 | © 
| 2 — ne Sine | | Co-tan, | Tangent | NI 
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N Sine | Co-/ine | Tangent | Co-tan. | | 
© | 9-512642 | 9.975670 | | 9.536972 | 10.463028 | 6o | 
1 | 9.513009 | 9.975626 9-537382 | 190.462618 | 5g 
2 | 94513375 [9.975583 | 9:537792 | 10.462208 | 58 
| 319-513741 | 9.975539 | 9.538202 | 10.461798 | 57 
4 | 9-514107 | 9-975496 | | 9-538611 | 10.461389 | 56 
$ | 9:514472 (9.975452 | | 9 539020 10.460980 | 55 
' 6 | 9.514837 9.97548 | | 9.539429 | 10.460571 
79.575202 | 9.975364 | | 9539837 | 10,460163 | 53 
8 | 9.515566 | 9.975321 | | 9-540245 | 10-459755 | 52 
9 | 9-515930 9.975277 | | 9:540553 | 10.459347 | 51 
| 10 | 9.516294 9.975233) | 9.541061 | 10.458939 | 50 
11 | 9.516657 | 9.975189 | | 9.541468 | 10.458532 | 49 
Iz | 9*5317020 | 9.975145 | | 9:541875 | 10.453125 | 48 
13 9.517382 9.975101 | | 9-542281 | 10,457719 | 47 
14 | 94517745 | 9:975057 | | 9-542688 | 10.457312 | 46 
15 | 9-518107 | 9.975013 | | 9:543994 | 10.456906 | 45 
16] 9.518468 | 9.974969 | | 9-543499 | 10.456501 | 44 
17 9.518829 | 9.974925 [9.543905 10. 45609543 
18 | 9.519190 | 9.974880 | | 9 544310 | 10.455690 42 
19 | 9-519551 | 9.974836 | | 9:544715 | 10.455285 [4t} 
| 20 | 9.519911 | 9.974792 | | 9:545119 | 10.454881 | 40 
21 | 9.520271 | 9.974747 | | 9:545524 | 10:454476 | 39 
22 | 9-520631 | 9.974703 | | 9:545927 | 10,454072 | 38 
23 9.520990 | 9.974659 | | 9.545331 | 10.453669 | 37 
249.5821349 | 9:974614 | | 9-540735 [10.453265 36 
25 1 9-521707 9.974570 9.547138 | 10.452862 | 35 
26 | 9.522065 | 9.974525 | | 9:547540 | 10:452459 } 34 
27 } 9-522423 | 9:974480 | | 9.547943 | 10.452057 | 33 
28 | 9.522781 | 9.974430 | 9.548345 | 10.451655 | 32 
1299.823138 | 9.974391 | | 94548747 | 19-451253 | 31 
| 39 9.523495 9.974345 | 9-549149 | 10.450851 [ 30 
| Co-Jine | Sine | | Co-ran. | Tangent. M 
5 70 e 


19 D E. G. 105 

IM} Sine | Co-fre | Tangent | Ce-tan. 
30 | 9:523495 | 9-974346 | | 9-549149 | 10-450851 | 30 
31 | 9.523852 | 9.974302 | | 9.549550 | 10.450450 | 29 
32 | 9:524208 | 9.974257 9549957 | 10.450049 | 28 
33 9.524564 | 9-974212 | | 9.550352 | 10.449648 | 27 
34 | 9.324920 | 9.974167 | | 9:550752 | 10.449248 | 26 

| 35 | 9.525275 9.97422 19.551152 10. 448848 25 
36 | 9.525630 | 9.974077 | | 9:551552 | 10.448448 | 24 
37 | 9:525984 | 9-974032 | [9.551952 10.448048 | 23 
38 | 9:526339 | 9-973987 | | 9:552351 | 1.447649 | 22 
39 | 9-526693 | 9-973942 | | 9552750 | 10.447250 | 21 
40 | 9-527046 | 9.973897 | | 9553149 | 10.446851 | 20 
41 | 9:527400 | 9.973852 | | 9.553548 | 10.446452 | 19 

| 42 9.527753 9.973807 | | 9-553946 | 10.446054 | 18 
43 | 9-528105 | 9.973761 | | 9:554344 | 10.445656 | 7 
449528458 9.973716 9.554741 10.445 25916 

459.3288 70 | 9.973671 | | 9.555139 | 10.444861 | 15 

{ _ — — —— 

469.5829161 | 9.973625 | | 9.555536 | 10.444264 | 14 
47 9.529513 | 9-97 3580 | | 9.555933 | 10.444067 | 13 | 
48 9.529864 9.973535 | 9.556329 10.443671 12 
49 | 9-530214 | 9.973489 | 9:556725 | 10.443275 | 11 

2 9.530565 9.973443 [9.557121 10.442879 | 10 
51 | 9:530915 | 9973395 | | 9:557517 | 10:442483| 9 
| 52 9.531265 6.973352 9.557912 | 10.442088] 8 
53 9.531614 9.973307 | | 9.558308 10.441692 7 
5449.531963 9.973261 | | 9.558702 10. 441298 6 

155 9.5323121 9973215 9.559097 10. 440903 5 
56 | 9.532661 | 9.973169 | | 9.559491 | 10 440509 | 4 

| 57 | 9-533009 | 9.973123 | | 9359885 | 10.440115 | 3 
58 | 9:533357 | 9:973078 | | 9 560279 | 10.439721 | .2 
59 | 9:533704 | 9:973932 | | 9560673 | 10.439327 | 1 
60 9 534052 9.972986 | 9-5010066 | 10.438934 0 
| | Co-fine | Sine | | Co-ran. | Tangent IN 
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20 D E G. 


— 1, <v « \ . . 
OF 


MI Sine | Cort | | Tangent | Co-tan. | 


© | 9.534952 | 9.972986 | | 9.561066 j 10.438934 | 60 


19.534399 
2 1 94534745 
39535091 
419535437 
5 


9.972940 
9.972894 
9.972848 
9.972801 
9.972755 


9.535783 


9.561459 
9.561851 
9.562244 
9.562636 


9.563028 


1475 


10.438541 | 59 
10.438149 | 58 
10.437364 | 56 


— 


6 | 9.836129 
7 | 9539474 
8 | 9.536818 
9 | 9:537163 
O 


89— — — — — 


9.972477 
9.972431 
9.972384 
9972338 
9.972291 


12 | 9.535194 
1319.538537 
14 | 9.538880 
15 9.539223 


11 | 9.537851 


9.972709 
9.972663 
9.972617 
9.972570 
9.537507 19.972524 


9563419 
9.563811 


9.564202 


9564592 


9.864983 


10.436189 | 53 
10.435798 52 
10.435407 | 51 
10.435017 5 


— 


9.565373 


10.434627 | 49 
10.434237 | 48 
10.433457 | 46 
10.433008 | 25 


* 
— 


9.539565 
17.539907 
1189.540249 


— 
on 


9.972245 
9.972198 
9.972151 
119 9.540590 | 9.972105 


| 2119.541272 
22 | 9.541612 
£ ©3-1 9.341953 
1249.542292 


12 9.540931 9.972055 


9.572011 
9-97 1994 
9.971917 
9.971870 
25 9.542632 [9.971823 


9.570035 
9.570422 


| 9-57080g 


10.431126 40 


— ä [——aũ.Hiù—wÜ — 


10. 430739 | 39 


2 


10.432679 | 44 
10.432291 | 43 
10.431902 | 42 
10.4315G14 | 41 


10.430351 | 38 
10.429964 | 37 
10.429578 | 36 
10.429191 | 35 | 


126 | 9.542971 
27 | 9:543310 
28 | 9.543649 
29 9.543987 
3 9.544325 


9.971776 
9.971729 
9.971682 
9.971635 
9.971588 


9.571195 


9.571581 


| 9 571967 


9.572352 


9.572738 


| 10.428805 34 


10.428419 | 33 
10.428033 | 32 
10.427648 | 31 
10.427262 | 30 | 


F 
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30 | 9:544325 | 9-971588 | | 9.572738 | 10.427262 | 30 | 


31 | 9:544663 9.971540 | 9.573123 | 10.426877 | 29 | 
9-545000 | 9971493 | | 9-573507 | 10426492 | 28 |: 
9.545338 | 9-971446 | [9.573892 | 10.426108 | 27 | 
9.545574 9.971398 | 9.574276 | 10.425724 | 26 
9.546011 | 9.971351 | 9.574660 | 10.425340 | 25 

69.546347 | 9-971303 | | 9:575044 | 10.424956 24 | 

| 9-546683 | 9.971256 | | 9.575427 | 10.424573 | 23 | 

9.547019 9.971208 9.575870 10.424189 22 þ 
9.547354 9-971161 | | 9.576193 10.423807 | 21 
9.547689 | 9.971113 | | 9.576576 | 10.423424 | 20 

* * RM | 
9.548024 | 9.971065 | | 9.576958 | 10.423041 | 19 
9.548358 | 9.971018 | | 9.577341] 10.422659 | 18 

9.548693 | 9:970970 | | 9.577723 | 10.422277 [17k 

9.549026 | 9.970922 | | 9.578104 | 10.421896 | 16 
9.549360 | 9-970874 9.578486 | 10.421514 | 15 

45 |'9:549693 | 9.970826 | | 9.578867 | 10.421133 | 14 
479.556 9.970779] | 9.579248 | 10.420752 | 13 
48 9.550359 I 9970731 | | 9:579028 | 10.420371 | 12 | 
| 49 9.550692 | 9.970683 9.580009 | 10.419991 | 11 
19.551024 | 9-970634 | [9.580389 | 10.419611 | 10 
59.851355 | 9.970586 | | 9.580769 | 10.419231 | gf 

52 | 9.551687 | 9.970538 9.581149 | 10.418851| 8 

$3 9.552018 | 9.970490 | | 9.581528 | 10.418472 7 

54 | 9:552349 | 9.970442 9.581907 10. 4180921 6] 

55 | 9-552680 | 9.970394 | | 9-582286 | 10.417714| 51 

| 56 | 9.553010 | 9.979345 | | 9.582665 | 10.417335 4 

57 | 9553340 | 9:970297 | | 9-583043 | 10.416956| 3| 

58 | 9.553670 | 9.970249 9.583422 | 10.416578 | 3 | 

59 | 9.554000 | 9.970200 9.583800 | 10.416200 | 1 

6o 9.554329 9.970152 | | 9:584177 | 10-415823 | 0 
| Co-/ine [ Sine | | Co-tan. | Tangent | M 
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M| Sine | Co-fne | | Tangent | Co-ram: | 


o | 9554329 | 9.979152 | | 9.584177 | 10,415822 | 60 


9 — 


4 
| | 
A 


1 | 9.554658 | 9.970103 | | 9.584555 | 10,415445 | 59 
2 | 9554987 | 9.970055 | | 9.584932 | 10,415068 | 58 
3 | 94555315 | 9.970006 | | 9,585309 | 10,414691 | 57 
4 | 99555643 | 9,969957 | | 94585686 | 10,414314 | 56 
5 | 94555971 | 9.969909 | | 9.586062 | 10,413938 55 
6 | 9.586299 9,969860 | | 9,586439 | 10,413561 | 54 
7 | 9.556626 | 9,969811 | | 9,586815 | 10,413185 | 53 
\ 8 | 9.556953 | 9.969762 | | 9.587190 | 10,412810 | 52 
9 | 99557279 | 9909713 | | 9.587566 | 10,412434 | 51 
10 | 9,557606 | 9969665 | | 9,587941 | 10,412059 | 50 
I1 | 9,557932 | 9,969616 9,588316 | 10,411684 | 49 
12 | 9558258 | 9,969567 | | 9.588691 | 10,41130g | 48 
13 9.858583 | 9.969518 | | 9,589066 | 10,410934 | 47 
149558909 | 9.969469 | | 9:589440 | 10,410360 | 46 
15 9.559234 | 9.969419 | | 9.589814 | 10,410186 | 45 
16 | 9.559558 | 9.969370 | | 9590188 | 10,409812 | 44 
17 | 9.559883 | 9,969321 | | 9,590562 | 10,409438 | 43 
18 | 9,560207 | 9,999272 | | 9599935 10, 40906542 
19 | 9.560531 | 9,969223 | 9,9130810, 408692 | 41 
20 | 9,560855 | 9,969173 | | 9591681 | 10, 4083 19 | 40 
21 | 9,561178 | 9,969124 | | 9,592054 | 10.407946 | 39 
22 | 9,561501 | 9,969075 | | 9,592426 | 10.407574 | 38 
23 | 9561824 | 9,969025 | | 9,592798 | 10.407201. | 37 
24 9.562146 | 9.968976 | | 9,593170 | 10:406829 } 36 
25 | 9.362468 | 9,968926 | | 9.593542 | 10.406458. 35 
26 | 9,562790 | 9.998877 | | 9,593914 | 10,406086 | 34 
1 27 | 94503112 | 9,998327 | | 9.594285 | 10,405715 | 33 
28 | 9.563433 | 9908777 , | 9594656 | 104405344 | 32 
299.5863754 1.558576 9.595027 104404973] 31 
30 | 9564075 | 9.968678 | | 9.595397 | 103494602, 30 
| Co-frs | Sine | | Go tan. | Tangent | M 
68 DE G. 
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Ft 


Sine 


1 Cf. 1 | Tangent 7 "tes; 


30 | 9.564075 | 9,968678 [ 19.595397 10, 44602 | 30 E 


31 | 9.564396 | 9968628 | | 9,595768 | 10, 404232 | 29 
32 | 9,564716 | 9,968578 | | 9,596138 | 10,403862 | 28 
33 | 9.565036 2 9,596508 | 10, 403492 | 27 
34 | 9505350 | 9490 4555 9.596878 241 
35 | 9:565675 | 9,968428 | | 9,597247 | 10, 402753 | 25 
36. 868995 9.968378 [9.897616 10, 0238424 
37 9.866314 9.968328 9.597985 10, 402015 23 
38 De 9,9682789 9,598354 | 10,401646 | 22 
39 | 9,566 1 LN 9,598722 | 10, 401277 | 21 
40 9,8672 9,968 178 9, 599091 | 10,400909 | 20 
| 4: | 9.567587 | 9.968128 | 9, 899489 | 10, 00541 18 
42 9.567904 9,9680 789.5998271, 40017318 
43 9.568222 9, 068027 9.600194 | 10, 399806 inf 
44 | 9568539 | 9:967977 | | 9.600562 | 10,399438 | 16 
45 | 9.568855 | 9,967927 | | 9,600929 | 10,399071 | is | 
46 | 9,569172 | 9,967876 | | 9,601296 | 10,398704 | 14. 
47 i 9,569488 9.967826 9,60 1602 10,398337 | 13 
48 9,509804 9907775 9,002029 | 10,397971 | 12 
49 | 9,570120 | 9,96 74s | | 9.602395 10,397605 | 11 | 
50 9.570435 | 9:967674 | | 9.602761 | 10,397239 | 10 | 
* 9.570751 | 9,967623 9,603 125 10, 3968739 
5218.571065 9907573 | | 9.603493 | 10,396507 | 8 
53 1 94571380 | 9,967522 | ! 9,003858 | 10,396142 | 7 | 
54 9.571095 | 92907471. | | 9-004223 | 10,395777 | 6 
55 | 94572009 9, 96 7420 | | 9,604588 10395412 | $ 
56 | 9.572322 9.967370 | | 9.604953 | 10,395047 | 4 
57 | 94572636 | 9,967319 | | 9,605317 10, 394683 3 
58 9.872949 9,907268 | | 9,6056582 | 10,394318 | 2 
59 | 94573263 | 9.967217 | | 9,606046 | 10,393954 | 1 
60 99573575: 9.967166 | | 9.606409 10, 393590 ] © 
| cee. | Sine <| Co-tan. | Tangent | M 
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110 22 DE G. 
M Sine | Co-fme | | Tangent | Co- tan... 
© | 94573575 | 9,967166 | ] 9,606409 | 10,393590 | bo 
I | 94573888 | 9,967115 | | 9,606773 | 10,393227 | 59 
2 | 9,574200 | 9,967064 9,607136 | 10,392863 | 58 
3 | 94574512 | 9,967012 | | 9,607500 | 10,392500 | 57 
| 4 | 9.574824 23886910 9.607 86310, 39213756 
5 | 9575135 | 9.966910 | | 9,608225 | 10,391774 | 55 
6 | 94575447 | 9.966859 | | 9,608588 | 10,391412 | 54 
7 | 94575758 9.966807 | | 9,608950 | 10,391050 | 53 
8 1 9,576068 | 9,966756 9,609312 | 10,390688 52 
99.576379 | 9.966705 | | 9,609674 | 10,390326 | 51 
10 | 9.576689 | 9,966653 | | 9,610036 | 10,389964 | 50 
11 | 9,576999 | 9,96660z | | 9,610397 10,389603 | 49 
12 | 9577309 9.966550 | | 9,610758 | 10,389241 | 48 
13 | 94577618 | 9,966499 | | 9,611119 | 10,388880 47 
1 9.577927 9, 966447 9.611480 10, 3885 20 46 
15 | 9:578236 | 9,966395 | ] 9,611841 | 10, 388159 45 
| 16 | 94578545 | 9.966344 | | 9.612201 | 10,387799 | 44. 
17 9.578853 | 9.966292 | | 9,612561 | 10,387438 | 43 
18 9,5791629, 966240 9.612921 10, 38707842 
19 | 9,579469 9.966188 9,6132814 10, 38671941 
20 9,5797777 9.966136 [9.613641 10, 386359 [| 40. 
219, 580084 9,9660844 2 10, 386000] 39 
22 9.580392 | 9,966032 | | 9,614359 | 10, 385641 | 38 
23 | 9,580698 9,965980 9,014718 | 10, 385282 37 | 
24 | 9,581005 | 9,965928 9,615077 | 10,384923 | 36 
25 | 9.381311 | 9.965876 | | 9.615435 | 10,384565 | 35 
269.58 1618 ] 9,965824 | | 9,615793 | 10,384207 | 34 
27 | 9581923 | 9.905772 9.61615 | 10.383848 | 33 
28 9.582229 | 9,965720 | | 9,616509 | 10,383491 | 32 
29 | 94582534 | 9,965668 | | 9,616867 10,383133 | 31 
1 30 9.582840 | 9.965615 9,617224 | 10,382770 | 30 
Os fone | Sine | | Co-rar. | Tangent M 
67 D E G. | 
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22 DEG. 
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——üä“i 


M | Sine Co. Ane 1 | Tangent | Co-tan, | 
30 | 9.582840 | 9,965615 | | 9,617224 | 10,382776 | zo 
31 | 9.583144 | 9,965563 9,617581 | 10,382418 | 29 
32 9.583449 | 9.965511 | | 9,617938 | 10,382061 | 28 
| 33 | 94583753 | 9.955458 | | 9.618295 | 10,381705 | 27 
34 9.584058 | 9,965 406 9,618652 | 10,381348 | 26 
35 ' 9.584361 | 9.995353 | | 9.619008 | 10,380992 | 25 
36 | 9,584665 | 9,965301 | | 9,619364 | 10,380635 | 24 
| 37 | 94584968 | 9,965 248 9,619720 | 10,380279 | 23 
38 | 9.585271 | 9.965195 | 1 9,620076 | 10,379924 | 22 
39 | 9:585574 | 9:965143 | | 9,620432 | 10,379568 | 21 
40 9, 585877 | 9,965090 9,6620787 10, 379213 | 20 
41 | 9.586179 | 9,965037 | | 9,621142 | 10, 378858 | 19 
42 9,5 86481 9,904984 | | 9,621497 | 10,378503 | 18 
4319.586783 9904931 | 962185210, 37814817 
449,587 0859.964878 9.622206 10, 37779316 
45 9.587386 | 9.964825 | | 9.622561 | 10, 377439 | 15 
46 | 9,587687 | 9.964772 | | 9.622915 | 10,377085 | 14 
47 9.587988 | 9,964719 | | 9,023269 | 10,376731 | 13 
48 | 9,588289 | 9,964666 | | 9,623623 | 10,376377 | 12 
49 | 9588589 | 9.904613 | | 9.523576 | 10,376024 | 11 
50 | 9,588890 9, 9645650 | | 9.624330 | 10,375670 | 10 
abs. | 
51 | 9,589190 | 9.964507 | 9,624683 | 10,375317 | 9 
52 | 9,589489 | 9.954454 | | 9.025036 | 10,374964 | 8B 
53 1 9.589789 | 9,964400 | | 9,625388 | 10,374612 | 7 
54 | 9.590088 | 9.964347 | | 9025741 4909 | 6 
55 9.50387 | 9.964294 | | 9,626093 | 10,373907 | 5 
56 9,5906869, 964240 | 9,626445 10, 373558 4 
57 9.590984 | 9,964187 | | 9.626797 10, 3732034 3 
58 9.591282 9,964 133 9.627149] 10, 372851 2 
59 9.591580 9, 964080 9,6275011 | 10,Ü 372499 | 1 
60 | 9,591878 | 9,964026 | 9.627852 | 10, 3721480 
| Co-fine | Sine | | Co-tan. | Tangent | M 
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112 23 DEG. 
M| Sine | Co-fne | | Tangent | Co-tan, | 
0 | 9.591878 | 9,964026 | | 9,627852 | 10,372148 | bo 
1 | 9592175 | 94963972 | | 9,628203 | 10,371797 | 59 
2 | 9592473 | 9:963919 | | 9.628554 | 10,371446 | 58 
3 1 9+592779 | 9963865 9.628905 10, 371095 | 57 
4 | 9:593007 9.963811 | 9,629255 | 10,370745 | 561 
$ 19.593363 | 9963757 | | 94629606 | 10,370394 | 55 
69.593659 | 9.963703 | | 9.629956 | 10,370044 | 54 
7 | 9+593955 [9.963650 | | 9,630306 | 10,369694 | 53 
5.594251 | 9,963596 | 1 9,630655 | 10,369344 | 52 
9 | 9+594547 9.963542 | | 9631005 | 10,368995 | 51 
10 | 9.594842 | 9,963488 | | 9,631354 | 10,368645 | 50 
11 9.595137 | 9.963433 | | 9.631704 10, 368296 49 
'2 | 9:595432 | 9963379 | | 9.632053 | 10,367947 | 4 
'3 1 9+595727 9.963325 | | 9.632401 | 10,367598 47 
14 | 94590021 | 9,963271 | | 9,632750 | 10,367250 | 4 
| 15.1 9:596315 | 9.963217 94633058 | 10, 365901 | 45 | 
16 9.595609 f 9.963162 | | 9.633447 | 10,366553 | 44 
179.59 903 | 9.963108 9.633795 | 10,366205 15 
18 9.897196 94953054 | 9.63443 | 10, 365887 | 42 
'9 | 9597490 9.962999 | | 9.634490 | 10, 3655 10 | 41 
209597783 | 9962945 | | 9.634838 | 10,365 162 | * 
2 9.59875 | 9,962890 | | 9.635185 | 10,364815 | 39 
22 | 94595368 | 9,962836 | | 9,635532 | 10,364468 | 38 
23 | 9.598060 | 9,962781 | | 9,635879 | 10,364121 | 37 
24 | 9593952 | 9.962726 ) 9.636226 10,363774 | 36 
25 | 9599244 | 9.962672 ] | 9.636572 | 10,363428 | 35 
26 | 9,599536 | 9,962617 9,630918 | 10,363081 | 34 
27 | 9+5359527 | 9.962562 | | 9,637265 | 10,362735 | 33 
28 9620118 | 9,962507 9.637610] 10,362389 | 32 
29 | 94600409 | 9.962453 | | 9.637956 | 10,362044 | 31 
39 | 9,600700 | 9,962398 9,6038302 | 10,361698 | 30 


Corine] Sine | | Co-ran. | Tangent | M 
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23 DE G. 4-13 
M | Sine 1 Co: Co-fine | | Tangen Cor tan. 3 
30 | 9.50700 | 9.962398 ] | 9. 638302 | 10. 0.361698 | 30 
| 
| 31 | 9-600990 | g. 9.962343 9.638647 | 10. 361353 29 
1329.601280 | y.96228> | | 9 638992 10. 361007 28 
33 | 9-601570 | 9.962233 | | 9.639337 | 10.360662 | 27 
34 | 9-601860 | 9.962178 | | 9.639082 10.360318 26 
35 19. 60⁴¹49 9.962122 9.640027 | 10.359973 | 25 
36. 9.602439 | 9-96:067 | | 9 640371 10.359629 | 24 
37 9.602728 | 9.962012 9.640716 | 10.359284 23 
38 4 9.603017 J y-961957 | | 9.641060 | 10.358940 * 
39 | 9-603305 f 9.961902 9-64 1404.3 16. 358596 
49 | 9:603594 | 9961846] | 9641747 | 10.358253 
41 | 9.603882 | 9.961791 9.64209! | 10 357509 | 19 | 
| 42 ) 9.604170] 9.961735 } | 9-642434 [10.357566 | 18 
43 9.604457 9.961680 | | 9.642777 | 10.357223 | 17. 
44 | 9.604745 ] 9-961624 9.643120 | 10.356880 | 16 
45 | 9-655032 fl. 961569 | | 9.643463 10.355537 | 15 
—— — — —— — — — ꝑꝗ —S —P—PP—P—UUUU—»—»—» — | 
46 | 9.605319 | 9.961313 | , 9.643806 10.356194 | 14 | 
47 | 9605606 | 9.961458 | 1 9.644148 | 10 355852 | 13| 
48 | 9.603892 9.961402 1 9: 644490 1c.355510 | iz | 
49 | 9-606179 | 9.961340 } 9.644832 | 10.355168 | 1! 
50 | 9.606465 1 9.961290 | | 9.645174 | 19 354826 | 10 
51 | 9.606750 | 9 96:235 | | 9.64555 | 10.354484 | 9 
52 | 9.607036] 9.961179 | 8.45857 10.354128 
53 | 9607322 * 9.961123 | ! 9 646199 [10.385801 [7 
54 | 9.607607 | 9 961067 | | 9 646540 | 10.353460 | 6 | 
55 9.607892 | 9.961011 9.046981. 10.353191 5 
56 | 9.608176 9. 960955 | 9.047222 | 10 352778 44 
57 | 9.608461 | 9. 950899 9.647562 10.3 2438 3 j 
58 | 9.608745 | 9.990842 | 9.647903 | 10.352097 2 i 
59 | 9.609029 9. 960786 | 9.648243 nin 
00 9.09313 9.060730 9.648583 1 10.351417 | © 
Cone | Sine [ Ca | Tangent 1M 


— 


66 D E G. 


8 


t 


— OO" I 


i 


14 24 D E G. 


— ww 


M | Sine een 11 1 angent | Co-tan, | | | 


| — 


| 0 | 9.609313 | 9.9607 30 | 9.548583 | 10. 351417 60 


— 


«| 9 899 97 9.960674 9.648923 


: 10.351077 59 
9.609880 | 9.960617 9.649263 | 10.350747 | 58 | 
9.610163 | 9.960561 | | 9.649602 | 10.350399 | 57 | 
| 


9.610446 | 9.960505 9.049942 10. 350058 j 56 
9.610729 9.960448 9.050281 J 10.349719 | 55 


6 | 9 611012 | 9 960392 9.650620 [0.349380 = 
7 | 9.611294 | 9.9% 335 | | 9.650959 | 10.34904+ | +3 
| 8 | 9.611576 | 9 960279 | | 9.651297 | 10.34% | 52 
| 9 | 9-611858 | 9.960222 | | 9.651636 10.348364 
O | 9.012140 | 9.950155 9.051974 LF 18.348026 | 90 
11 9.6124 I 9.950109 | 9.652312 10. 347558 49 
| 12 | 9.612702 | 9.960052 IE 9 652650 | 10.347350 | 48 
i 13 | 9-612983 | 9.989999 652988 [10.347012 | 47 
149613264 9.959938 365555 2610, 346674 46 | 
15 9.613545 [9.959881 10.346337 J 45 


— — —— 


A 
2 
D 
O t 
2 


16 
©. 


9-65 4900 | 10.345998 44 
17 9.61405 | 9.959758 | | 9.554337 | 10.345662 | 43 
9.614385 | 9:959710 | 19654674 | 10.345325 142 

9. 


1 9-95 - 55855 65 5011 10.344989 » 
9 


2 | 9.655348 10.344652 | 
| — 11 — 


- — „ ©. we — — 


g.613825 | 9.959824 | 
| 


21 | 9.615223 | 9.959539 9.655684 | 10.344316 | 39 
229.615 502 | 9.959482 9.65'020 | 10.343980 | 3B 
23 | 9.15781 | 9.959425 | 9.656356 10.343043 | 37 
| 24 | 9-516060 | 9.959367 | | 9.656692 | 10.343308 | 36 
25 | 9.616333 | 9.959310 | | 9.657028 | 10.342972 | 35 
1 85 5 W 
26 | 9.516516 | 9.959233 | | 9.657363 10. 342636 | 34 
27 | 9-016334 | 9 959195 | 9.657699 | 10.342301 | 33 
| 319 9.617172 9.959138 | c.65-034 | 10.341966 | 32 | 
2% 9.077450 | 9 959030 | | 9.658369 | 10.341531 | 31 a 
3 9.547727 | 9.9;9023 | | 9 658704 | 10.341296 | 30 
| Cine Sine | | Co-tan. | Tangent M | 
| 6 £6. —_— 
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M | 


Sine 


[ Cees | | Tangent | 
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Co- tan. 


— —T— — —— AE 


— 
20 9.617727 | 9. 9-959023 | | 9.658704 10.341296 30 


— — r 


31 | 9.618004 | 9.95896 9.659039 10. 34096129 
32 9.618281 9.95 8908 9.659373 | 10. 340627 | 28 
33 | 9-618553 | 9.958850 | | 9.659708 | 10.340292 | 27 
34 | 9-018834 | 9-958792 | 9.660042 10.339958 | 26 
35 | 9.619110 | 9.958734 | | 9.660376 | 10.339624 | 25 
36 | 9.619386, 9.958677 | | 9.660710 | 10.339290 24 
37 | 9.619662 | 9.958619 | 9.661043 19.338257 23 
38 9.619938 9.958561 9.661377 [10.338623 fl 22 
39 | 9.620213 9.958503 9.661710 f 10. 338290 | 21 
40 | 9.620488 ] 9.558445 | | 9.662043 10.337956 | 20 
41 | 9.620763 9.958387 | 9-662376 10.337623 1 19 
42 | 9.621038 9.258329 | 9.662709 [10.337291 | 18 
43 | 9-621313 | 9.958271 ] ] 9.663042 | r0.336958 | 17 
44 | 9.621587 9.958212 19.683374 10.336025 | 16 
45 19.621861 9.958154 | 9-663707 10. 336293 | 15. 
] 9. 22 5 9- -958096 | 9.664039 | 10.335961 | 14 
9 622409 3378534 9.664371 | 10.338629 613 
9.622682 | 9.957979 | 9.664703 10.335297 | 12 
8 9.622956 | 9.957921 | | 9.665035 10.334965 | 11 
50 | 9.623229 [9.957862 9.665360 | 10 334524 | 10. 
51 | 9.623502 | 9977 9˙665697 10 3343029 
52 9623774 (9.957765 1 50029 | 10.3339 18 
53 | 9.624047 | 9.957687, | | 9.606369 | 50. 333040 4 7 
1 54 | 9024319 | 9-957628 | | y.606091 | 8.333309 % 
55 | 9624591 | 9.957570 | | 9.607021 | 10.332975 
| 56 | 9.624863 — 0.657352 | 10.332648 4 
57 19.625 134 9.957452 9.657682 [o. 3323183 
1 58 | 9.625406 | 9.957393 | N 10. 332198742 
| 59 9.625677 9.957324 | 9.668343 [10.331557 
160 | 9.625948 | 9. 957270 , 9. 68672 18.33 70 
Core Sine | Ce-tan. "Tangent * 


—— 


- — — 


Ce Le A a4 
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5 Co. fine Sine 
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— —„ 
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uf Sine | Co-/ine | ] Tangent i Cetas. oa 
519 6:5948 1 9.957276 | | 9.66867: | 10.331327 | 60 
1 | 9.626219 | 9.957217 | 9.669002 | 10. 330998 59 
2 1588 9.95715 9.669332 [10.330668 | 58 

| 3 | 9626760 | 9:957099 | | 9.669661 | 10.330339 | 57 
4 96270) 0 | 9-957040 | | 9 669990 | 10.330009 | 50 

5 627305 2 19.675320 [10.329680 | 55 
| 6 9:627570 9.956922 | 9.670649 10.329351 54 
79.627840 | 9.950862 |. | 9.670977 [10.329022 | 53 

| 5 | 9-628 09 9.956803 | |, 9.671306 | 10.328694 | 52 
|? | 9923378 | 9:950744 | [9673634 | 10-328365 | $1 
Ka 9.628647 [9.956684 9 271903 10. 328037 | 59 
111 9.6289 16 9.956625 | 9. 672291 10.327709 | 49 
12 9.629184 9.956505 | 9.672619 10.327381 48 

1139.629453 | 9-956506 | | 9.672947 10.327053 | 47 
1149629721 9.956447 9:673274 | 10.326725 46 
5 9.629989 | 9.956387 | | 9. 73008 | 10.330398 45 
116 | 9.630257 9.956327 | | 9.573920 | 10.326070'| 44 
17 | 9.639524 9.956268 9.074256 | 10.325743 | 43 

18 | 9.630792 | 9-956208 | | 9.674584 | 10.325416 | 42 
19 | 9.631059 | 9:950148 9.674910 | 10.325089 | 41 

20 > | 9.631326 9+956088 | 9.675237 | 10. 324763 140 
75 4951855 | 0.95629 | 9 675564 | 10.324436 | 39 
22 | 9.931859 1 9.955909 | | 9.675890 | 10.324110 | 38 
Þy 9.632125 | 9-955909 ; | 9.676216 | 10.323783 | 37 
24 | 9.632392 | 9955849 | | 9.676543 | 10.32345. | 35 

9.632657 } 9:955789 | | 9:676869 | 10.323131 ] 35 

*. | 9.632923 | 9-955729 | | 9.67719 | 10. 322805 4 
27 265245 9-955009 | | 9.677520 | 10. 322480 + 
| 28 551775 *4 | 9-955609 | [9 9:07 7845 | 10.322154 | 32 
9] 633719 23744 9.678171 10.321829 31 
30 | 9633984 | 9-955488 | 620406: 10.321504 30 

| | Co-ran. | Tangent | M 
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26 DEG: „ 
rr > FINER” 


M Sine | cee. 1 [ Tangent | Ceran. 
| . — 
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30 | 9.633984 | 5, 955488 | | 9.678496 | 10,721504 | 30 


1 — 


——— — — 


31 19.634249 9.955428 | 9.67882 21 10, 32117 9 9 
32 9,6345 14 93955367 [9.679146 18, 320854 28 
33 9.534778 9,9553687 | | 9079471 19,320529 | 27 
| 3+ | 9:035042 | 99955247 | | 9.679795 | 19,320205 | 26 
| 35 | 9, 035500 94955186 8810 1 10,319880 | 25 | 
| 9.635570 | 9.955126 | nerd 10,319556 | 24 


[2 2638557 9,95 5065 9.680768 10, 319232 23 


„ EP 


2097 9.955005 | | 9,681092 | 10,318908 | 22 
0516 4 9.954944 | |} 9-681416 | 19,318584 | 21: 
1 9.636623 9-75 4883 | . 10, 318260 | 20: 


—— 


F +4 


8 


| 41 9,63 36886 9.954823 Y 682063 


10.317939 
142 9.677147 9.954762 9.682386 


18.317613 18 


| 43 1 94637411 | 9.954701 9.682710 | 19,3172g0 by ; 
44 9677553 9.954640 [9.683033 10.316957 
45 | 9637935 9.954579 | 1 9.683356 10, 316544 


46 9.638197 9,954518 9.683678 10,316321 14 
47 1 9638458 9954457 | | 90 684001 | 10,315999 | 15 
48 | 9638722 | 9.954390 } | 9,684324 | 10,315676 | 12 
} 49 | 9038981 | 9.954335 | | 9084646 | 10, 15384] 
| 52 | 9939242 | 99954274 | | 9684968 199315032 19 | 
4 — — 
81 9.630503 9. 964213 | 9,685 290 | 10,314710 9 
{ 52 | 9,63970: | 9,954152 9,685912 | 10,314388 
| 53 | 95040024 | 9.954990 | | 9.685934 | 10,314066 

54 | 9040284 | 9.954029 | | 9,685255 12 134415 ; 

9,080577 | 104313423 


; 

| 55 1 940409544 9.953968 

1— — 

| 56 | 9.640804 | 9,953906 | | 9,626898 | 10. 31312 | 4 

$7 NEyL00+ | 9953065 $:082019 10, 312781 3 
2 
[ 
O 


55 "91041325 - 9.953783 68754010, 312460 

159 9.641583 9, 953722 | | 2,687861 | 10, 312139 
60 9.644542 | 9495 : 660 1 _ | 10,311818 1 

| + Co fine [ Sine F * Co-tan. 1 ee 9 


— | | 
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Sine 


| Co-fine | | Tangent | Co-tan, hs 
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— — 
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o | 9. Aiken | 9.95 3660 | 9.588182 | 10. 311818 [ 60 


E 


19.642101 9.953598 9.688502 | 10,311498 59 
2 | 9,042360 | 9,953537 9.688823 wah 
3 | 9.042618 9.853475 9,089143 | 10, 3108571 57 
4 | 9.642876 | 9,953413 | 9.689463 10,310537 | 56 
5 1 9-043135 | 9953351 | | 9.689783 | 10,310217 5 
6 | 9.643393 | 94953290 | | 9,690103 | 10,309897 | 54 
7 | 9.043650 | 9,953228 | | 9,690423 | 10,309577 | 53 
8 | 9,043998 9.953166 | | 9,090742 | 10,309258 | 52 | 
9 | 9.544165 | 9.953104 | | 9691062 | 10,308938 | 51 
10 | 9,044423 9,95 3042 | 9.691381 | 10,308619 | 50 
1119.644680 92980 19.69 % | 10,308300 | 49 
12 | 9,644936 | 99952917 | | 9,692019g | 10,307981 | 48 
13 | 9.645193 | 9 952855 | | 9.692338 | 10,307662 | 47 | 
14 | 94645449 | 99952793 | | 9,692656 | 10,307343 | 46 
15 | 9645706 | 9.952731 | | 9.692975 | 10,307025 ! 45 
:6 | 9,645962 | 9,952668 | | 9093293 | 10,306706 
17 | 9,646218 | 9,952606 | | 9,693612 | 10,306388 | 43 
18 | 9,646473 | 94952544 | | 9093930 | 10,306070 | 42 
19 | 9,646729 | 9,952481 | | 9.094248 | 10,305752 | a1 
20 9.646984 9.95249 [9.694% 10,305434 | 40 
21 | 9.647239 | 94952 2356 | | 9.694883 10,305217 | 39 
22 | 9,647494 . 94952294 | | 9,695202 [ 10,304799 | 38 
23 | 94047749 245 9.695518 118 30448237 
| 24 | 9,648004 | 9.952168 9.695835 | 10,304164 | 36 
25 LA 9.952105 | 9.696153 10,303847 35 
2619 8 9.952043 | | 9.696470 | 10, 303530 | 34 
27 ap poten ! 9,951980 | | 9,696786 | 10,303213 | 33 
9,049020 9-95 19! 7 | | 9,6971c3 | 10.302897 } 32 
” 9.649274 | 9.9518 5 9.697420 10, 302580 31 
30] 9.6495 27 —. 4 9.67736 10. 302264 30 
| Co fire | Sine | 1 Co-tan. q Tangent 1 
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| | Sine | Co fine | [ Tangent Co tan. | 
30 | 9:549327 | 9:95179t | | 9,697726 | 10,302264 | 30 
| 31 | 9.649781 9.951728 A 9.090052 | 10. 30197 29 
{ 32 9.650034 9.951665 9.698369 10. 301631 25 
33 9.850287 9.95160 f 9.698685 10.301315 | 27 
{ 34 | 9-650539 9.95539 3 10.300959 | 26 
E 9.650792 9.951776 9.699316 [10.30 684 | 25 
36 9.65 1044 f 9.951412 19.699632 10.300368 | 24 
379.65 1296 | 9.951349 1 9.599947 þ 10.300052 f 23 
| 38 | 9.6515. 8 | 9.951286 ?! | 9.700263 | 0.299737 | 22 
39 | 9.651800 | 9.951222 | | 9.700578 | 10.299422 | 21 
* 9.652052 | 9.951159 | | 9.700893 | 10.299107 | 20 
| 41 9.652303 | 9.951095 9.701208 10.298792 | 19 
42 | 9-652555 | 9-951032 | | 9.701523 | 10. 298477 | 18 
43 | 9.652806 9.950968 9.701837 10.298163 | 17 
| 44 | 9.653057 | 9.950905 9.702152 10.297848 16 
45 9.653307 Þ 9-959841 | | 9.702466 10. 97534 5 
n = F 74 
| 45 | 9:653558 | 9-950777 | | 9.702780 10.297219 | 14 
| 47 | 9-653808 | 9950714 | | 9-703095 | 10.296905 | 13 
j +8 | 9.654059 | 9.930650 | | 9.703409 | r0.296591 | 12 
49 | 9-654309 9.950586 | 9.703722 | 10. 296277 | 11} 
50 | 9.654558 | 9.950522 9.704036 | 10.295964 | 10. 
| wo * 0 5 5 ? baja 
' 51 | 9.654808 | 9.950458 | 1 9.794350 | ro.zgg659Þ 9g 
52 | 9655057 | 9:950394 | | 9.704663 | 10 295337 | £ 
53 } 9-055307 | 9-950330 | | 9:704970 | 19:295023 | 7 
54 | 9-655556 | 9.950206 | | 9.703290 | 19.294710 | 6 
5519.655805 | 9.950202 | | 9.705603 10. 294397 F; 
56 | 9.656053 | 9.950138 | | 9.705915 0. 294084 4 
57 | 9656302 | 9-950074 | | 9-7c0228 |} 19.293771 | 3 
| 58 | 9-656550 | 9.959009 | | 9.706541 | 10.293459 | 2 
| 59 | 9.656799 | 9:949945 | | 9:700853 629364 I 
0 9.657047 ] 9 949851 | | 9-707100 | 10.292834 | © 
| | Cofine | Sine | | Co. lan. | Tangent A 1 
855 ho 63 D E G. N 8 
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120 27 D E G. 
| — —— — . 
1 Sine . Co ne | * Tangent | Co tan. 
o | 9.657047 9.949881 9.70 166 | 10,292834 | 60 
| 1 | 9 657295 | 9.949816 | | 9-707478 | 10.292523 | 59 | 
. 2 | 9-657542 | 9.949752 | | 9-707790 } 10.292210 | 58 | 
3 2.653525 9.949687 [9.70810 10.291898 | 57 | 
49.658037 9.949623 | | 9 708414 | 10.291536 56 | 
| 5 1 9.658284 9-949550 | 9-703 10.291274 | 55 
| NT IT. | 
| 6] 9.658531 | 9:949494 | | 9:709037 | 10.290962 | 54 
7 | 9-658778 | 9:949429 |} [9.709349 10.290651 53 
89.659024 9949364 | 9.709560 | 10.290340 | 52 
9 | 9659271 | 9 9493090 9.7099 710. 290029 | 51 | 
10 | 9-659517 | 9 949235 9.710282 | 10.289718 | 50 
Bae 9.659763 | 9.949170 | [9.710593 10-289407 | 49 | 
12 | 9.560009 | 9.949105 | | 9-710904 | 10. 289096 | 48 | 
13 | 9.660255 | 9.949040 | | 9.711215 10.288785 | 47 | 
| 14 | 9.660500 | 9.948975 9.711525 | 0.288475 46 | 
[ 15 | 9.660746 9.948910 | | 9.711836 | 10.288 16445 
116 2 | 9.948845 9.712146 [10.287854 44 
1179.561236 9.878775 9-712456 | 10:287544 | 43 | 
{ 18 | 9.661481 ' 9.948715 9.712706 | 10. 287234 42 
| 19 | 9.661726 | 9.948650 | , 9.713076 | 10.286924 | 41 
| 2 L 9.948584] 9.713386 10.286614 40 
| 2 662214 | 9.948519 | | 9-713695 10.286304 32 
22 9.62459 | 9-948453 | | 9 714005 1.28595 38 
| 23 9.662702 | 9.948388 | | 9.714314 | 10.285686 | 37 
f 24 | 9662946 | 9.948323 | | 9.714624 } r0.285376 | 36 
25 | 9.663190 | 9.948257 9.714933 | 10.285067 | 35 
| — — — — 
26 | 9-663433 | 9-948191 | | 9715242 | 12845834 
1279.663677 | 9 948125 | [9.718550 1.284449 | 3F 
| 28 | 9.663920 | 9.948060 9.715859 10.284140 | 32 
29 9664163 9.947995 | | 9-716168 10.283832 31 
132 9.554406 | 9.947929 [19.7 1677 10.283523 | 30 
{ 1 Co-ine | Sine | | Cetas. | Tangent [ M * 
| ——  — — . — — —. 
| 6+ DEG. 
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Ml Sine 


2 Co. fine 1 ' | Tangent | 


„ 


Co- tan. 


| 


30 | 9. 664406 | 9.947929 | | 9.716477 l 10. 283523 f 30 


31 | 9.664648 9.947863 9.716785 10865375 29 
32 9.664891 9.947797 9.71093] 10. 282907 | 28 
339.665 133 | 9.947731 9.717401 | 10.282598 | 27 
34 | 9-665375 | 9.947665 9.717709 | 10.282290 | 26 
25 9.665617 | 9 947599 9.718017 | 10.281983 | 25 
50 | 9-665858 | 9.947533 | | 9-718325 | 10.281675 | 24 | 
$ 37 | 9-066100 | 9.947467 9.718033 | 10.281367 | 23 
38 | 9.666341 | 9.947401 | | 9.718940 | 10.281060 
39 | 9.666583 | 9.947335 9-719248 | 10.2807;2 | 21 
| 49 ] 9.666824 9-947209 9 719555 | 10.280445 | 20 
11 9.667065 | 9g. 947203 | 9.719862 | 10.280138 | 19 
| = 9.667305 [9.947136 9.720169 | 10.279831 | 18 | 
43 | 9.667546 1 9.947070 | | 9.720476 | 10.279524 | 17 þ 
44 | 9.0677 9.947004 9.720783 | 10.279217 | 16 
45 | 9.068026 | 9.946937 | | 9 721089 | 10.278911 | 15 
46 668266 | 9.946871 9.721396 | 10.278604 1141 
47 | 9.668506 | 9.946804. 9.721702 | 10.278298 | 13 | 
1 48 ! 9.668746 | 9.9465 38 9.722008 10. 27799112 
49 | 9.668986 | 9.946671 9 722315 | 10.277685 | 11 | 
5 9.669225 | 9.946604 9.722621 | 10.277379 10 
12 ede k . 
| 5! 9.669464 9-940537 | | 9-722927 | 10.277073| 9 
| 52 | 9.069703 9.946471 9-7 23232 | 19.270708 | 8 
5319.659942 | 9.946404 | ! 9.723538 | 10.276462 | 7 
| 54 | 9.070181 | 9.946337 | 9-723843 | 10-276156 | 6 
| 55 19-070419 ! 9-946270 | 1 9-724149 | 1.275851 5 
[ —— — — —  —— 
56 9.670657 9 946203 | | 9-724454 | 10:275546 | 4 
I 57 | 9-670896 | 9.946136 | | 9.724759 10.275240] 3 
58 9.671134 9.046069 | |! g. 1725905 10.274935 2 
59 O-271272 . 
jo! 9.67 1609 9.945935 9.725674 10.274326 © 
Co.ſine] Sine |} | C tan. Tangent N 
— — CE —_— 
| 62 D E G | 
| re eereeoetmecnnn—ma — — — — 1 
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- TY DD EP IE 
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. 5 1 e 4 | 
MI Sine 1 Wh fine 1 | Tangent | Cotan. | | 
9. 671809 [ 9:945935 | 19: 725674 [1 0.274386 | 50 
I | 1 | 9671847 9.945868 | | 9.725979 | 10.274021 159 
2 | 9.672084 | 9:943800 9.720284 | 10.273716 | 58 
| 3 | 9072321 | 9.945733 | | 9-726588 | 10.273412 | 57 
1449.672558 | 9.945666 Fare 10.273107 | 56 
5 9.72795 | 9:945598 9.727197 | 10272803 | 55 
| 6 | 9-673038 9:945531 | | 9-727501 | 10.272499 2 | 
| 7 { 9:573268 | 9:945463 | | 9-727805 | 10.272195 
8 | 9.673505 | 9.945396 9.728109 | 10.271891 52 
9 | 9-073741 | 9.945328 9.728412 | 10. 271587 51 
10 | 9.673977 9.945261 9.728716 | 10.271284 50 
11 | 9.674213 | 9.945193 | | 9-729020 | 10. 270980 | 49 
12 | 9:574448 | 9945125 | | 9-729323 | 10-270677 | 48 
13 | 9-674684 | 9.945058 9.729626 10.270374 47 
14 9.674919 9.944990 | | 9-729929 | o. 2700 46 
15 9.67554 9.944022 [9.730232 10.269767 | 45 
16 | 9.675389 | 9.944854 | | 94730535 | 10.269464 44 
179.6756524 9.944786 9.730838 10. 269162 | 43 | 
18 | 9.675859 | 9.944718 | 9-731141 | 10.268859 | 42 
19 | 9.676094 | 9.944650 | 9731443 10.268556 | 41, 
1219.675328 } 9-944582 } 19.731740 [1 10 268254 | 40 | 
| 21 | 9.676362 | 9.944514 | | 9732048 | 10. 667953 39 
22 | 9.676796 | 9.944445 | 9.732351 10.26 649 | 38 
23 | 9.677039 | 9:944377 i | 9-732653 | 19267347 32 
| 24 | 9.677204 | 9.944309 9.732955 | 10.267045 | 3&| 
25 9.677497 | 9:944241 | | 9-733257 | 1.26743 | 35 | 
26 | 9:677731 9:944172 | | 9 743558 10.2604 41 344 
12 9.677964 9.944104 9.733860 10. 266140 33 
| 8 | 9.678197 | 9.944036 | | 9.734162 | 10 265838 | 32 | 
29 | 9678430 | 9.943907 | 9734463 | 10.265537 | 31 | 
3o | 9.678663 | 9.943898 | | 9.734764 | 10-265436 | 30 | 
Sine | Co-fire | Co-tan. | Tan: ent * 
| 18 61 PDE G. Wy 2 
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| Co-fine | | Tangent | Co-tan. 
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—— 
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N Sine 
30 9.678663 9.943898 | | 9,734764 | 10,265236 | 60 
31 | 9.678895 | 9,943830 | | 9,735066 | 10,264934 | 29 
32 | 9,679128 | 9,943761 | | 9,735367 | 10,264633 | 28 
33 | 9.679360 | 9.943692 | | 9.735658 | 10,264332 | 27 
34 | 9.679592 9.943624 | 9,735968 | 10,264031 | 26 
35 | 9.679824 9.943555 | | 9.736259 | 10,263731 | 25 , 
36 9.680036 | 9.943486 | 9.736570 | 10,263430 | 24 
37 | 9,680288 | 94943417 | | 9,736870 | 10,263130 | 23 
33 | 9,680519 | 9.943349 | | 9,737171 * 10,262829 | 22 
39 680750 37943270 9.737471 | 10,262529 | 21 
40 | 9,680982 | 9,943210 | | 9.737771 | 10,262229 | 20 | 
41 9,081213 9,943141 | 9,7 383071 10,261929 19 
429,68 1443 | 9.943072 | | 9,738371 | 10,261629 | 18 
43 | 9.681674 | 9,943903 | | 9.738671 | 10,261329 | 17] 
44 | 9.681904 9.942933 | | 94738971 | 10,261029 | 16 | 
45 | 9682135 | 9.942864 | | 9439271 | 10,260729 | 15 1 
46 | 9.682365 | 94942795 | | 94739570 | 10,260430 | 14 
47 | 9:082595 | 9942725 | | 95739870 | 10,260130 | 13 | 
| 48 | 9.682825 | 9,942656 9,7401169 | 10,259831 | 12 
40 9.083055 F 9,7 40468 | 10, 259532 [11 1 
50 | 9,683284 9.942517 9740767 | 10,259233 10] 
— — — — — * _ — | 
51 | 9,983514 | 9,942448 9,741066 | 10, 258934 91 
52 | 94683743 | 9:942378 | | 99741365 | 10,258635 | 8 
53 | 9.683972 | 9.942398 | | 9,741664 | 10,258336 | 7 
| 54 | 9.684201 9.942230 | 9.741962 | 10,2,8038 | 6 
55 9.584439 9.942169 97742251 10.257739 5 
56 9.584558 9,9420990 97742559 10,257441 4 
| 57 | 9.684887 | 9,942029 | 9,742 58 10, 257142 3 | 
j 58 | 9.685115 | c,94'959 | * 9.743156 | 10,250844 | 2 
599655343 9,%041889 | 9.743454 | 10256546 | 1 
60 | 9.685571 | 9 941819 | | 95743752 | 10,250248 of 
0 fine | Siue | | Co-tan. | Tangent NM 


6: Dia. 


— JS. 


—_ 


— — 


i 


ke... 


— rw Aw 


ö 


| 
| 


— 


29 


n= 


| DEG. 
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24 Co-fone | | en on | . tan. 


o | 9.685571 19.941519 | | 9-743752 | 16: 256448 | 60 


—_—. 


1 9.685799 9.947 9.74480 10.255950 
29.685027 9.94167 9.744348 | 19.255052 58 
3 | 9.686254 | 9.941609 | | 9-744645 | 10-255355 | 57 | 
4 | 9.686481 | 9941539. 9-744943 [10.255057 | 56 
5 | 9:686709 | 9-941468 | | 9-745240 | 19-254760 | 55 
6 9.686936 | 9.941398 | | 9:745538 | 10.254462 | 54 
7 | 9-687163 | 9.941328 9.745537 10 254165 | 53 
8 | 9:687389 | 9.941257 | | 9-746132 | 10.253868 | 52 
9 | 9.687616 | 9.941i87 | | 9.746429 | 10.253571 51 
10 | 9.687842 | 9.941116 | | 9.746726 | 10.253274 | 50 
1 | 9.688069 | 9.941046 | | 9.747023 | 19:252977 | 49 | 
12 | 9.688295 | 9-940975 | | 9747319 | 10.252680 | 48 
13 | 9.688521 | 9.940905 | | 9-747616 J 10. 282384147 
14 | 9-088747 9.940834 | 9-747912 10. 25 208746 
15 9.688972 [9.940763 9.748209 | 10.251791 | 45 
= 9.689 198 | 9.949693 | | 9.748505 | 19.251495 | 44 
9.689423 | 9.940622 G.748801 | 10.251199 | 43 
18 9.689648 | 9.940551 9-749097 | 10.250902 42 
i9 | 9.689873 | 9:940480 | | 9.749393 | 10. 250600 | 41 
20 | 9.690098 19 9-942499 9.749689 [10.250311 45 
21 | 9.690323 9.940338 | 9.749985 10.250015 39 
22 | 9.690548 | 9.940207 9-750281 | 10.249719 | 38. 
23 9.69077 | 9.949196 | | 9.950576 | 0.249424 | 37 
24 | 9 690996 | 9.940125 | | 9.750872 | 10.249128 | 36 
25 | 9.891220 9-940053 9 751167 10.248833 35 
26 | 9.691444 9.939982 751462 | 10.248558 | 34 
27 | 9-691668 | g 939911 | | 9.751757 | 10.248243 | 33 
" 9.691892 | 9 939840 | | 9.752052 | 10.247948 | 32 
1 9-939708 | 9.782347 10.247653 | 31 
9692339 | 9:939697 | 9.752642 | 10.247358 | 30 
| Ce-fine 51 Sins | Cotes. * Tangent 1M u 
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Lal Sine — Co Loop ne | | Tangent || Ces. 15 
30 | 9.692339 | 9: 9.939697 11 19.752642 10.245388 30 
3 32 3.592565 9.939625 9.752937 | 10. 247063 | 29 
1329.692785 9.939554 9.753231 [10.246769 | 28 
e 9-939482 | | 9.753526 10 246474 | 27 
14 | 9.093? 3119.939410 55757170 10.246180 | 26 
| 35 | 9:693453 1 9:939339 | | 9-754115 1.245885 | 25 
36 | 9.693676 | 9:939267 | | 9.75449 | 10. 245291 | 24 
37 { 9-693898 | 9 939195 | | $.754703 | 10.245297 | 23 
33 | 9.694129 | 9.939123 | 9.754997 | 10.245003 \ 22 
39 | 9-294342 | 9939951 | | 9-755291 } 10.244709 | 21 
49 | 9:094504 | 9-938980 | | 9.755584 1.244415 | 20 
41 9.694786 | 9.938908 | | 9.755878 | 10.244122 | 19 
9:095007 9.938835 9.756172 [10.243828 | 18 
9.695229 | 9.933763 | | 9.756465 | 10.243535 17 

44 38787 838285 9.756759 | 10.243241 | 16 
45 9695671 | 9.938619 | | 9.757052 | 10-242948 | 15 
1 45 9.695892 | 9.938547 | 9.757345 | 10.242655 | 14 

1479.696113 | 9 938475 | 9.757638 | 10.242352 
| 43 : 9 596334 | 9:938402 | 19.757931 | 10.242069 

499.6596554 | 9:-938330 | | 9.758224 | 10. 241776 15 

50 | 9.6967"-4 9.938257 | | 9.758517 | 10.2471 
151 9.69699 5 9.938185 ö 9.758810 | 10.271190 3 
52 | 9.697215 [9.938912 9.759102 | 10.240898 ; 5 
53 9.697435 [9.938040 | 9.759395 | 10 240605 | 7 
549.6976549 937967 | 9.759687 10. 2403134 
55 9.697874 9.937895 [9759979 | 10-24002z1 f 5 
56 | 9.698093 | 9.937822 9.760271 | 10-239728 | 4 
] 57 19.698313 | 9.937749 | | 9-760564 | 10.239436 3 
| 58 1 9.698532 | 9.937676 9.760856 | 10.229144 | 2 
159 | 9.698751 | 9.937603 9.761147 | 10-238852 | 1 
v0 | 9.698970 | 9.937531 | 9.761439 | 10.238561 | © 
Cone] Sine | | Co-ran. | Tangent . 


* 


| „5 | * * — }Fww—_—trc 


* — „ 


60 DEG. 


— — — — — —— —— 


126 


M | 


* D. 8. 


Sine 


5 Cee, 1 1 Tangent | 


Co-tan, | 
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o | 9.698970 | 9937531 | | 9.761439 l (0.238561 | | 6o 


9,099189 


— —— 


| 


| 94937458 | 9.767551 0, 38269 | 59 
9,9940 9.937385 | | 9.762023 | 10, 237977 | 58 
3 | 9.699026 | 9,937312 | ] 9,762314 | 10,237686 | 57 
49.699844 9.937238 | | 9,762606 | 10,237394 | 56 
5 1 94700062 | 9,937165 | | 9,762897 | 10,237103 | 55 
6 | 9,700280 | 9,937092 | | 9,763185 | 10,236812 | 54 
7 | 9,700498 | 9.937019 | | 9,763479 | 10,236521 | 53 
8 1] 94700716 | 9,936945 | | 9,763770 | 10,236230 | 52 
9 | 94700933 9.93607: | 9,7 64001 | 10, 23593951 
10 | 9701151 | 9.936799 | | 9.764352 | 10,235648 | 50, 
11 | 9.701368. | 9936725 | | 9.764643 | 10,235357 | 45 
NE 
i3 9.701802 9, 93657 9.765224 10, 2345 
49.702019 | 9.936505 | | 9,705544 | 10,234480 | 46 
15 | 9.702236 | 9.936431 | | 9.76580, | 10,234195 | 45 
16 | 9702452 | 9.936357 | | 9766095 | 10,233905 | 44 
17 9.702669 | 9,930284 | | 9,706385 | 10,233615 | 43 
Breda akin 
20 | 94703317 | 3.936008 | | 99767255 | 10,232745 | 40 
21 | 99703533 | 9935988 4 10, 23245539 
122 9.703748 | 94935914 | 9707834 10, 23216638 
23 | 94703964 ! 9935840 [9,768 12410, 231876 37 
24 | 9704179 i 9.935706 | | 9,708413 | 10,231587 | 3 
25 9.704395 9.938692 [9.768703 | 10,231297 | 35 
| 26 | 9,7046i0 | 9,935618 | | 9,768992 | 10,231008 | 34 
27 | 94704825 ! 9.935543 | [9,7692811 10,230719 | 33 
28 | 9,705040 2 at Ho 8 my 
29 | 94795254 | 9935395 | | 997 o, 
3 1 9-795469 | 9:935320 | 9.77148 | 10,229852 | 30 
+ ee 1 Sine . Cogan.] Tangent IM 
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Cone Sine 3 | 3 | Tangent 3 


BP D E G. 
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9.705683 9,935 2469.770437 10, 229963 | 29 
52 9,705897 9.93571 | 9,770726 | 10, 229274 | 28 
33 | 9-706112 | 9,935097 j | 9.71015 10,228985 | 27 
34 | 9706326 | 9.935022 , | 9,771303 | 10,228697 | 26 | 
35 9,706539 | EI 9.771592 10, 228408 | 25 
36 9.706753 9.934877 19771880 10, 228120 | 24 
37 9.706967 | 9,934798 | | 9:772168 | 10,227832 | 23 
38 | 9,707180 | 9,934723 | | 94772456 | 10,227543 | 22 
399.7073039 934649] | 9.772745 | 10,227255 | 21 
40 | 9,707! 06 | 9:9345"4 | | 94773033 | 10,226967 | 20 
41! | 9,707819 | 9934499 | | 94773321 | 10,226679 | 1g 
42 | 9,708032 | 9,934424 9,773608 | 10,226391 | 18 
43 | 9.708245 | 9.934349 | | 9,773896 | 10,226104 | 17 
44 9.708457 | 9934274 | | 9.77484 | 10,225816 | 10 
45 | 9.708670 | 94934199 | | 95774471 | 10,225529 | 15 
$6 1 $-700008 9.934123 | | 9.774759 | 10,225241 | 14 | 
| 11223 9,9340048 9775046 10, 22495413 

9,709306 9.933973 9.775333 10,224006 | 12} 
49 9,709518 | 9,9333897 | | 9,775621 | 10,224379 | 1 
50 | 9.709730 | 9.933822 | | 9,775998 | 10,224092 | 10 
51 | 9,709941 9.93374 9.776195 10, 223805 99 
52 9, 710153 9.933671 9.776482] 10, 223518 8 
53 | 94710364 | 9.933590 | 9.776708 | 10, 7 
549710575 | 94933529 | | 9.777055 | 10, 2229426 

9.710786 | 9.933444 | | 9.777342 Wed 11 
| 56 9,7 10997 | 9,933369 | * 9,777628 | 10. 422. 4 
57 | 94711208 | 9.933293 | 1 9,777915 | 10,222085 | 3 
58 | 9,711418 , 9,933217 | | 9,778201 | 10,221799 | 2 
59 96711629 | 9.933141 | 9+778487 | 10,221513 J 
6e | 9,711839 | 9,933066 94778774 | 10,221226] © 


123 31 D E G. 


K 


— . ce. 
—— 


Sine f Co-/ine C | | Tangent = Chas.” © | 
| 


— 
— 


* 


9.711839 9.933066 [9.778774 10, 221226 60 


O 

1 | 9.712049 9.932990 | 9,779960 10, 220940 |53 57 

2 | 94712259 | 94932914 | | 9,779346 | 10,220054 

3 | 9.712469 | 9.932838 j | 9,779632 | 10,220368 

4 | 9,712679 | 0,932761 | 9-779918 10, 220082 7 | 

5 9.12889 5 9.932685 9.780203 | 10, 219796 | 55 ] 
| 2 | 9,713095 | „932009 9.780489 | 10.21981154 
122 5.15508 9,932533 | | 9.786775 | 10,219224 | 53) 
9,7 13517 | 94932457. 9.781060 | 10,218940 , 52 

9 9,713726 | 9,93 2330 9,7813460 10, 21865451 

10 9.713935 | 9,932304 l 9,781031 | 10,21836g 50] 


1119.714144 9.932227 i 9781916 10, 218084 49 
1129.714352 9.93215 9,78 201 10, 217799 | 48 
13 9.714561 | 9.932074 9.782486 | 10,217514 | 47 
14 | 9.714769 | 9,931998 | | 9,7842771 | 10, 217229 46 
15 | 9.714977 1 9931921 | | 9.783056 | 10,216944 | 45 


4 52. 


9.931845 | | 9753341 , 19,210659 : — 


17 | 94715394 [9.931768 9,7 33026 10, 216374 i 43 | 
| 9,7 15601 | 9,931691 | 9.783910 | 10,216090 | 42 
19 ; 9,7 15809 | 9,931014 | | 9.784195 | 19,215805 
20 9, 716017 | 9.031537 9. 784470 10, 2155 20 | 4O 
— — — 3 


_ 


| 21 FIT: 9931400 | 9,784704 | 10, 215236 39 | 
3 


9,716431 | 9.931383 9,785048 | 10,214952 | 38 

9.716639 | 9,931306 9,785332 | 10,214068 | 37 

249716846 9,931229 9,785616 | 10,214384 | 36 
q 25 | 9+717053 | 94931152 9,785900 | 10, 214099 


35 
26 | 9.717259 | 9, 931075 | [age 10, 213816 34 


27 | 94717466 | 9,930998 | 9.786468 10, 21353233 
| 28 | 9,717672 | 9,930920 9,7386-52 | 10,213248 | 32 
29 | 9.717879 | 9.930843 | | $,787036 | 19,212964 | 31 
30 | 9,718085 | 9,930766 | 9.787319 | 10,212681 | 30 


— — 


— 


| Co-fine | Sine | | Co-ran, | Tangent | M 
| $8 DE G. | 


— 
—— 
R 


— 0 IR ads 


31 DEG. 129 
| ——— — a — FR 3 
M | . aye | Co-/ine | | Tangent | Co-ran. | 
30 9.718083 | 9.930766 | | 9:787319 | 10,212681 | 30 
2 9,718291 9,9306388 9.787603 10, 212397] 29 
35 9.718497 | 9930971 | 9,7878386 10, 21211428 
| 33 1 99715703 | 949939333 | 9,7887 1 10,211830 | 27 
| 34 | 997 18909 | 94939450 | n 19,211547 | 26 
35 | 997 19114 | 99930378 | 9,7887356 | 10,211264 | 25 
| 36 | 9,719320 | 9,939300 | 9.789019] 10,210981 | 24 
37 9.719525 | 9,930223 9,759302 | 19,210698 | 23 | 
38 9.719730 | 9.930145 | | 9.739585 | 10,210415 | 22 
39 9,7 19935 | 9939067 | | 9,789863 1219132 | 2 
, 40 | 9,720140 | 9,929989 94790151 | 10,209849 | 20 
| of fan e RE e e ok, 
| 41 | 95720245 | 94929911 | | 9.790433 | 10,209566 | rg | 
| 42 | 9720549 | 94929833 | | 94799716 | 10,209284 | 18 þ 
43 | 9-720754 | 92929755 | | 99799999 | 10,209001 | 17 } 
| 44 ! 95720988 | 9,929677 | | 9,791281 | 10,208719 | 106 
| 45 | O,721I 162 | 91329599 | 957915 63 10, 208436 15 f 
| 46 |] 9,721366 | 9,929521 | 9479184 i6 | 10, 208154 14 
1 47 9.721570 | 94929442 ne 28 10, 207872 | 13 
| 48 | 94721774 | 9.929364 9,79 2410 | 10, 0 | 12 
1499.721978 | 9,929230 9Q,792692 | 10,207308 | 11 
50 | 9,722181 | 9,929207 | | 9.792974 | 10,207026 | 10 
1519.722385 | 9,929129 | | 9,797256 | 10,206744 | 9 
1 52 224855 9. 29oõ⁰ 9793538810. 206462 8 
5319.722791 J 9, 928972 9.793819 10, 206180 7 
54 . 928893 19.794101 10, 205899 6 
| 55 1 9-723197 i 9.794383 10, 35 5 
95 3 
55 9.723409 | 95 28735 9.794910, 203236 7 
57 | 94723603 | 94925057 | | 9.794945 | 10:205054 3 
| 53 9,7238056 | 99925575 | | 9,795227 10, 2047732 
| 59 | 94724007 | 0.928499 | | 9,795508 | 10,204492 | 1 
O | 9,724210 9, 928420 9.795799 8 © 
| | Co-/ne | Sine | | Cute, | Tangent IM; 
i 58 DEG | 1 


t40 


32 D E G. 


M | 


Sine 


_— a 


Sur. 


— —— ww - — 


1 —— Tangent 


[9 | 94724210 | 9.928420 | | 9.795789 | 10,204211 | 60 


- 


1 | $,724412 | 9.928341 | | 9,796070 | 10,203930 | 59 
2 | 9,724614 | 9.928262 . 10, 20364958 
319724816 9.928183 | | 9-796632 | 10,203368 | 57 
4 | 9,7250t7 | 9,928104 9,796913 | 10,203087 | 56 
5 | 91725219 9.928025 | 9.797194 | 10,202806 | 55 
6 | 94725420 | 9.927946 | | 9797474 | 10,202525 | 54 
79.725622 | 9,927867 9797755 10,202245 | 53 
8 ] 9,725823 | 9492778 9,798036 | 10,201964 | 52 
| 9 |} 9,726024 | 9,92770 9,798316 | 10,201684 | 51 
10 | 9,726225 | 9,927628 | | 9,798596 | 10, 201404 50 
11 9.726426 9.927549 | | 9,798877 | 10,201123 | 49 
12 | 9,726626 | 9,927469 9,799157 | 10,200843 | 48 
. 9.726827 | 94927390 [9.799437] 10, 200563 | 47 
j 14 | 94727027 9.927310 [9,7997 1710, 20028346 
15 9.727228 9, 927231 9.799997 | 10,200003 | 45 
16 9.727428 9,9271516 | 9,800277 | 10, 19972344 
17 9.727628 | 9:927071 | 9,8005357 | 10, 199443 | 43 
18 9,7278289, 926991] 9, 800836] 10, 19916342 
199.7280279, 926911 9,8011164 10, 19888441 
| 20 | 9.728227 | 9.926831 9.801396 10, 198604 40 
141 9.728425 | | 9.926751 | | 9,801675 | 10, 198325] 39 
| 22 | 9,728026 | 9,926671 9,801955 | 10, 198045 | 38 
23 | 9,728825 | 9,926591 | | 9,802234 | 10, 197766 37 
| 24 | 9,729024 | 9,926511 9,802513 | 10,197487 | 36 
2519.729223 9.926431 | 9.802792 | 10,197207 | 35 
26 | 9,7 29422 | 9,926351 | | 9,803072 | 10,196928 
27 | 9,729621 | 9,926270 9,803351 | 10,196649 | 33 
| 28 | 9,729820 | 9,926190 | | 9,803630 10, 19637032 
29 | 9,730018 9,9261109. 803908 10, 196091 31 
30 9, 730216 9.926029 9, 804187 185195619 30 
Cone] Sine | | Co-tan. 1 Tangent | M 


57 DEG. 


— — - ay —C— — 


— 


—-— 


32 DEG: 


127 
121 


6 — — — — — 
M BY Sine | | Co-/mme 1. E. Tangent B Co-tan, | 
| 
30 | 9-73 30 | 9.730216 | 9.926029 15 | 9.804187 | 10. 195813 30 
31 | 9,23415 | $,925949 þ | 9.804466 | 10,195534 | 29 | 
| 3% | 99730013 1 9:925868 | 1.9,804745 } 1gtg5a5s 1 8 
f 33 | 99739811 | 9.925787 f | 9.865023 | 10,194977 | 27 | 
| 34 | $27 $0009: 1 De Q2 5707 | 1 e605 308 þ loztggogT 3 20 3 
35 9.731206 | 9.925626 9.85580 1, 194420 | 25 | 
| 30 | 99731404 | 94925545 | 9808859 | 10,194141 | 24 
37 | 9731601 | 9.925464 | | 9.806137 | 10,193863 | 23 | 
38 | 94731799 | 94925384 | | g,896415 | 10,193585 | 22 
| 39 | 99731990 | 9.925303 | | 9.856693 | 10,193307 | 21 | 
40 i 19.732194 b 9,5806971 [#6293088 20 | 
41 | 99732390 | 9.925141 9.807249 | 10,192751 | 19 
48 9.732587 9,9250060 9.807527 10, 192473 | 18 | 
439732787 9.924578 | 9.86285 | 10,192195 | 17 | 
44 | 94732980 | 9,924897 9, 808033 | 10,191917 | 16 
| 45 | 95733177 [ 9.924816 | 9.808361 | 10,191639 | 15 
46 | 94733373 | 9:924735 | | 9.808638 1,1913602 14 
4 47 9,7335669 | 9.9246 3 | 9.808916 | 10,191084 | 13 | 
48 | 95733705 | 99245 9,809193 | 10, 1990 | 12 | 
499733961 9.924491 | | 9.809471 | 10,190529 | 11 
} 50 | 94734157 [ 94924409 | | $:8097459 | 10,190252 | 10 | 
51, | 94734353 | 949243528 þ | 9.810025 | 105189975 9 
3295734840 | 9:924246 | 913% 2,1889) 8 
153 9734744] 9924164 |. 9.8 10580 | 10,189420 | 7 
| 54 | 95734939 9% %% þ | 9,310557 | 10,139143 | 
55 9.735134 9,9 24001 | 9,811134 | 10, 183806 5 
56 | 9.735330 | 9.923919 | | 9.811410 10, 183589] 41 
Þ 57 1999735524 | 94923837 | | 9,51+087 | 10,188313.]| 3 
| 58 | 94735719 9.923733 9.81194 10,1886 2 
59 | 99735914, 9.923673 9,8122411, 187759 1 
bo | 9,736109 | 9.923591 | | 9.812517 | 10,187483 1,0] 
| Co-/fine | Ste | | Co-tan. | Tangent 12 


. 
- 


S 


33 D E G. 


1 — OE 


8 


— —— 


- 3 3 0 


132 
M| Sine | Co-/ine 3 | Tangent 2 Co-tan. 
19.736109 | 9.923591 | | 9 9.812517 | 10.187483 | 60 
1 | 9.736303 9.923509 | 9-812794 | 10.187206 59 
5 9.256397 15 9.813070 10.186930 | 58 
3 | 9.736692 995326 813347 | 10.186653 | 57 
4 | 9.736886 | 9.923263 .813623 | 10.186377 564 
5 | 9.737080 EA „ 10. 186101455 
6 | 9.737274 | 9.923098 9.81476 10.185824 [54 | 
7 | 94737467 | 9:923016 | | 9.814452 | 10.185548 | 53 
8 | 9.737661 | 9.922933 | | 9814728 | 10.185272 | 52 
9 | 94737854 | 9.922851 9.81504 | 10.184996 | G1 
10 | 9.738048 | 9.922768 9. 815279 10. 184720 | 50 
11 9.738241 9922686 9.815965 10.184445 49 
12 | 9.738434 | 9.922603 | | 9.815831 10.184169 | 48 
13 | 9.738527 | 9.922520 9.816107 | 10.183893 | 47 
14 | 9.738820 J 9.922433 | | 9.816382 | 10.183617 | 46 
| 15 1 9-739913 ] 9.922355 | | 9-816658 | 10.183342 [45 
11619. 739205 | 9.922272 | | 9.816933 | 10.183066 | 44 
| 17 9.739398 | 9.922189 | | 9.817209 | 10.182791 | 43 
118 9.— 29590 | 9.922106 9.817484 {| 10.182516 42 
19 9.739783 | 9.922023 9.817759 | 10.182240 | 41 
[50 | 9-7 39975 19.921940 9.818035 [10.181965 | 40 
Las 
| 9.740167 | 9.921857 | | 9.818310 10. 181690 | 39 
22 19.740359 9.921774 9.818585 10.181415 38 
23197245559 9.921691 | | 9.818860 | 10.181140 | 37 
24 | 9.740742 | 9.921607 | 9.819135 | 10.180865 | 36 
25 9.740934 | 9:921524 | | 9.819410 | 10.180590 | 35 
2:6 | 9.741125 |. 94921441 9.819684. | 10.180315 | 34 
27 9.741316 9.921357 9.819959 | 10.180041 | 33 | 
28 | 9.741507 | 9.921274 9.520234 | 10.179706 32 
29 | 9.741698 | 9.921199 | 9.820508 10.179492 31 
12 9.741859 | 9.92110 | | 9-320783 [10.179217 30 
| Co fine | Sine | [ Co-ſan. 'Tangent [ M 
36 DE 8. . 


7 


3 


MI Sine | Co. ine * * Tangent 1 Co- tas. . 5 
30 | 9741889 | 9.921107 9.820783 10, 179217 | zo 
31 | 9.742080 | 9.921023 9.821057 | 10.17894 3 29 
32 9.742271 9.920939 9.821332 [10.178668 | 28 
33 | 9.742461 | 9.920855 ] | 9.821606 | 10.178394 | 27 
34 | 9-742652 | 9.920772 9.821880 | 10.178120 |] 26 
135 19.742842 9.920688 9.822154 | 10.177846 25 
1 36 | 9.743032 f 9.920604 | | 9.822429 10.177571 = 24 
37 | 9-743223 9.920520 | | 9.822703 | 10.177297 | 23 | 
38 | 9.743412 | 9.920436 | | 9.822977 | 10.177023 | 22 
| 39 | 9.743602 | 9-920352 9.823250 | 10. 176749 21 
40 9.743792 | 9.920268 9.823524 | 10.176476 | 20 | 
55 9.743982 9.920184 | 9.823798 10. 176202 | 19 
1429.744171 | 9.920099 9.824072 | 10.175928 | 18 
143 | 9.744361 | 9.920015 | | 9.824345 | 10.173655 | 17 
| 44 | 9744550 9-919931 | | 9- 824619] 10.175381 | 16 | 
45 | 9:744739 | 9:919846 | | 9:824892 | 10.175107 | 15 
a 4 
| 46 | 9.744928 | 9.919762] |] 9.825166 | 10.174834 | 14 | 
47 | 9-745117 | 9-919677 | | 9:825439 |} 10.174560 | 13 | 
48 | 9-745396 | 9-919593 | | 9-825713 | 10.174287 | 12 
49 | 9-745494 | 9-919593 | 825986 10.174014 | 11 | 
5⁰ 9.745683 9.919 4244 9.826259 | 10. 17374110 
51 | 9.745871 | 9.919339 | 9826532] 10.173468 4 
52 | 9-740059 | 9-919254 9.826805 | 10.173195 ! 
j 53 | 9746248 | 9.919169 | | 9827078 | 10.172922 | 7 
549.7464369. 919084] | 9-327351 | 10.172649 | 
| 55 19.746624 9.918999 982702410. 1723705 
56 9.746811 9.918 15 | 9.827897 10.172193 4 | 
57 | 9:740999 | 9-918830 | 9.828170 10.171830]| 31 
58 | 94747187 9.978844 9.528442 [1017158882 
59 9.747374 | 9:918659 | [9.828775 [10.171285 
_ 60 60 9+74756z 9.918574 | | 9-328987 | 10.i71012] © 
j — Ln 2 Sine Y [ Co-tan. | Tangent | | 
| — — 
| 56 D E G. 
ö ü —— — — — ———— — 


— 
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— — EE —— 
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13.— Ee i. 
MI Sine 'Þ Co: ine 1 | Tangent [ Fo 1 5 
o | 9. 747562 2 | 0918574 | | 9.828987 10171012 | 60 
| : | 9-747749 | 9:918489 | | 9.829260 | 10.170740 | 59 
| 2 | 9:747936 | 9.918404 | | 9.829532 | 10.170468 | 58 
3 1 9-748123 9.918318. | -| 9.829805 | 10.170195 | 57 
| 4 | 9:748310 9.918233 9.830077 | 19.169923 | 56 
| 5 1 9:748497 | 9.918147 9.830349 | 10.169651 [55 
| — * n 
6 | 9.748683 | 9.918062 | 9.830621 | t0.169379 | 54 | 
1 7 | 9748870 | 9.917976 | | 9.830893 | 10.16g106 | 53 
| 8 | 9749056 | 9.917891 9.831165 | 10.168834 | 52 
9 | 9-749242 | 9.917805 | | 9.831437 | 10.168563 | 51 
10 | 9-749429 | 9:917719 | | 9831709 | 10.168291 — 
11 9.749515 | 9-917634 | | 9.831981 | 10.168019 
12 | 9.749801 {9.917548 9.832253 | 10.167747 
13 | 9,749986 | 9.917462 | | 9.832525 | 10:167475 | 
14 | 9-750172 | 9.917376 9.832796 10.167204 2 46 
15 9.750358 9.917290 [9.833068 | 10. 166932 [45 
169.7543 | 9917204 | | 9.833339 10 166660 | 44 
1179.750729 | 9.917118 9.333611 | 10.166389 | 43 | 
18 | 9.752914 | 9.917032 9.833882 [10.166118 J 42 
Ig 9.75 1099 9.916945 | 9.834154 | 10 165946 | 4 
| 20 | 9-753284 | 9.916859 | | 9.834425 | 10.165575 ] 49 
| 21 | 9.751469 | 9.916773 | | 9-834696 | 10.165 304 | 39 
229.75 1654 | 9.916686 9.834967 | 10:165033 | 38 
23 | 9.751838 9.916600 9.835238 | 10.164762 | 37 
24 | 9-752023 | 9-916514 | | 9.835509 | 10.164491 | 36 
25 19.75 2207 9.916427 | | 9-835780 | 10.164220 [35 
26 9.752595 9.910340 | 9.836051 | 10.163949 | 34 
127 9.757575 9 916254, 9.836322 | 10.163678 | 33 
28 | 9.752769 | 9.916167 | | 9.836593 | 10.163407 | 32 
29 | 9752944 | 9-916080 | | 9.836864 | 10.163136 | 31 
39 9.753128 9.915994 9.837134 | 10.162866 | 30 
{ Sine | Co-fine | | Co-tan, | Tangent | M 
: 55 D E G. 


7 


4 — — * * 


— — e — — | 
k Ml Sine | Co-fine F 1 Tangent 1 Co- tan. 3 L 
| 
30 0 | 9.753128 | 92915994 | | 9-837134 | 10.162866 | 30 
31 9753312 9.915907 | 9.837405 | 103162595 3 
32 | 9753495 [9.915820[ | 9,837675 | 10, 162325 | 28 
33 1 99753079 | 99915733 | | 94837946 | 10,162054 27 | 
34 | 9.753862 9,915646 9,838216 | 10,161784 | 26 
35 19.754046 | 9.915559 | | 9.838487 | 10,161513 | 25 
36 | 99754229 | 99915472 | 9.838757 | 10,161243 | 24 | 
37 9.754412 9.915385 | | 9,839027 | 10,160973 | 23 f 
38 | 94754595 [9.915297 | 9.839297 | 10,160702 | 22 
39 | 99754778 | 9915210 | | 9.839568 | 10,160432 | 21 
40 9.754960 | 9,915123 | | 94839838 | 10,160162 | 20 
4119.755143 | 9915035 | | 9,840108 | 10,159892 | 19 | 
42 | 9-755325 | 9-914948 | | 9.840378 | 10,159622 | 18 | 
9.755508 | 9,914860 | | 9,840647 10,9352 | 17 
149755590 | 9:914773 | 9,8409171, 159083 | 16 
45 1 94755972 , 92914085 | | 9841187 10, 158813 15 
46 | 99756054 9-914597 | | 96841457 10,158543 | 14 
47 | 9,756236 | 9914510 9.847726 | 10,158273 | 13 | 
48 9.786418 ] 9,914422 | | 9.841996 | 10,r58004 | 12 | 
49 | 9756609 | 9,914334 9,842266 10, 157734 11 | 
$0 | 9,756781 19.914246 9+342535 1 10,157465 10 
8. 9,7856963 | 9914158 | | 9,8 4b 10, 157199 9 
9,7571449, 14% | | 9.843074 | 10,1569:6 | 8, 
9,7573266, 913982 | 9,843343 | 10,156657 | 7 
54 | 94757507 | 9.913894 | 9+843012 | 10,156387 | 6 
55 * 9,757688 | 9,913806 | : 95843882 10, 1561188 5 
56 | 9,757869 | 9·913718 | 9.844151 10, 155849] 4 
57 9.755049 9.913630 9,8444010, 1555803 
58 9,758 230 9.913541 7844089 10, 185311 2 
59 9.758411 9.913453 9.844958 | 10,155042 | 1 
60 9, 758591 97913364 9,845 227 10, 1547730 
5 Co fine | Sine | I Co-tan. | Tangent | M | 
5 DEG RE 
— 


1 
_ — = 


2 XX a. 2D 
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AAA 2 22 Pa 
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— ** 


136 35 D EG. 
[ M1. Sine 'Co- ine Tangent L 
| 92758591 | 94913364 | | 9.845227 | 10,154773 | 60 
1 | 9758772 | 9.913276 | 9845496 10, 154504 59 
2 | 94758952 | 9913187 | 9,8456764 10, 154236 58 
3 | 94759132 | 94913099 | | 9,846033 | 10,153967 | 57 
4 | 94759312 | 9,913010 | | 9,846302 | 10,153698 | 56 
| 5 19759492 | 9-912921 | | 95846570 | 10,153429 | 55 | 
6 | 9.759672 | 9:912833 | 19.846839 | 10,153161 | 54 
7 | 9759851 | 9912744 | | 9.847107 | 10,152892 | 53 
8 | 9,760031 | 9912655 | | 9,847376 | 10,152624 | 52 
99.760210 | 9,912566 | J 9,847644 | 10,152356 | 51 
10 | 9,760390 | 9,912477 95847913 e 50 
11 | 9,760569 | 9,912388 | | 9,848181 10,151819 | 49 
| 12 | 9.760748 | 9,912299 | | 9.848449 | 19,15 1551 |48 
13 | 9,700927 | 9,912210 9,848717 | 10,151283 | 47 
14 | 9,761106 | 9,912121 | | 9,848985 | 10,151o15 | 46 
| 5 9,761285 | 9.912031 | | 9,349254 | 10,150746 | 45 
16 9.761464 9911942 | | 9.849522 81 J 
1719, 761642 | 9,911853 9.849789 | 10, 150210 
18 | 9,761821 | 9,9111763 | 9;850057 | 10,149943 
19 9.761999 | 9.911674 | | 9.850325 | 10,149675 1 
20 9,762177 | 9911584 | | 9,850593 | 10,149407 40 
21 | 9,762356 | 9,911495 | | 9,850861 | 10,149139 | 39 
22 | 9,7602534 | 9,911405 2 10, 14887238 
23 1 9.762712 | 9,911315 | 9.851396 | 10,148604 | 37 
| 7 363585 9911226 9.851064 16 14868 36 
25 | 9,763067 | 9,911130 9,851931 | 10,148069 | 35 
26 | 9.763245 | 9.911046 | 9,852199 | 10,147801 | 34 
27 | 94763422 | 9,910950 | | 9,852466 | 10,147534 | 33 
28 | 9.763599 1 9,910866 | | 9,852733 | 10,147267 | 32 
| 29 | 94703777 e 9,8583001 10, 146999 31 
[$21 94703954 | 9,910686 | | 9,853268 | 10,146732 "JP 
I Ce- | Sine | | Co-zan. | Tangent IN 
54 D E G. 
[| —_ 1 - _ 


! 


35 e 


M | Sine 1 Cos | | Tangent | Co-tan, [ 


30 | 9+ 763954 | 9-919686 | | . 853266 10.146732 zo. 


31 9.764131 1 | $:910596 | 9:853535 | 10.146465 | 29 | 
32 9.764308 | 9.910506 9.853802 | 10.146198 | 28 
33 | 9-764485 | 9.910415 | | 9.854069 | 10.145930 | 27 
34 | 9.764662 9.910325 | 9-854336 |} 10.145664 | 26 
35 1 9.764838 9.910235 9.854603 10. 145397 | 25 
36 | 9.765015 9.910144 9.854870 ] 10.145130 | 24 
37 | 9-765191 | 9.910054 | | 9-855137 | 10.144863 23 
38 t 9.765367 | 9.909963 | 9.855854 10. 144596 
39 9.765544] 9.909873 9.855671] 10.144329 Fo 
| 42 | 9-765720 | 94909782 [9.855937 | 10.144062 | 20 
41 | 9.765896 | 9 .909691 | | 9.836204 | 10.143796 19 
4.2 R 9.559687 9.856471 | 10. 143529 | 18 
439.7662479. 9095 10 | | 9856737 10.143203 | 17 
1449.766423 9.909499. 857004 10.142996 | 16 
45 | 9-766598 | 9.909328 19.857270 | 10.142730 | 15 | 
FF 9.766774 19.959237 9.857837 10.142463 
47 9.2664 9.909146 [9.857803 10.142197 
489.7 67124 9-909055 | ! 9.858009 10.141931 
49 | 9:767299 9.908964 | 9-858336 | 10.141664 
50 | 9.767474 | 9-908873 J | 9.858602 | 10.141398 
or] 9.767649 9.908781 1 9.858868 [10.141132 

52 9.767824 9.908690 | | 9.859134 | 10. 140866 

| 53 | 9-707999 9.908599 9.85940 | 10. 1406 
'54 | 9-768173 | 9-998507 | | 9859666 | 10.140334 

55 | 9-768348 9.908416 19.859932 10. 140068 
56] 9.768522 9.908324 | | 9.860198 10.139802 

57 9.768696 | 9.908233 | | 9.860464 | 10.139536 
58 3 768871 | 9.908141 9.860730 | 10.139270 

59 | 9-769045 | 9.908049 | | 9.860995 | 10.139005 

60 | 9.769219 9.907958 9.861261 | 10.138739 

Cor: ſine Sine 1 Co-tan. 1 T W | M 
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M| Sine 


| Co-fine | 1 Tangent t | 
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— — 


Co-tan,. 
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09.769219 | 9.907958 | | 9.861261 | 10.138739 | 60 


1 | 9.769392 94997866 | 0.861527 19,138473 | 59 
2 | 9.769566 | 9.907774 | | 9.861792 | 16,138208 | 58 | 
3 | 9.769749 | 9.907082 | | 9.862058 10, 137942 | 57 | 
4 | 9.765913 | 9997590 | | 9,862323 | 10,137677, | 56 
5 | 9.770087 | 9.907498 | | 9.862589 | 10,137411 | 55 
6 | 9,770260 q 94907406 | || 9.862854 | 10,137146,þ 54 
7 | 779433 | 9997314 | | 94863119 10, 13638053 
8 | 9,770606 | 9,907221 . 9.303385 10, 136615 | 52 
9 | 9-770779 | 9,997129 | | 9.863650 | 10,1363509 | 5.4 
10 | 94770952 | 99997037 | | 9.863915 | 10,136085 | 50 
99771125 | 9.906945 | | 9.864180 10,135820 ) 49 
2 | 99771298 | 9.906852 | | 9,864445 | 10,135554 | 48 
13 | 99771479 | 9906760 | | 9,864710 | 10,135289 | 47 
14 | 9.771643 | 9.906567 9304975 10,135024 | 46 
15 | 94771815 | 9996574 | | 9.865240 | 10,134759 | 45 
16 | 9,77 i987 | 9.996482 | | 9.865505 | 19,134495 | 44 
l7 | 99772159 | 949953389 ] | 9.865770 | 10,134230 | 43 
18 | 94772331 | 9.906296 | | 9,866035 | 10,133965 [ 42 
19 | 9,772503 | 9,906203 9, 866300 | 10,133700 | 41 
120 | 9,772675 9.906111 | 9866564 | 10,1334 36 | . 
21 9.772847 9.906018 | 9.866829 | 10, 133171 39 
22 57708 | 9.995925 9.867094 10,132906 38 
| 23 | 9-773199 | 9:905832 | 987385 10, 132642 | 37 
24 | 99773301 9 14 9.867623 10, 13237736 
59.773533 9.995545 | 9.867887 ] 10, 132113 | 35 
26 gurigos | ocorcie | 9, 868152 | 10,131848 | 34 
i 27 | 94773875 9.905469 9.868416 10,131584 | 33] 
28 9.774046 | 9,905 365 9, 868680 | 10, 131320 32 | 
29 | 9.774217 | 9995272 | | 9.868945 | 10,131055 | 31 
| 32 [9.774388 9,905 79 | | 9.869209 | 10,130791 30 
Coe Sine {| | Co-ezan, | cans IM 
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Sine | | | Tangent | Co. tan. 1 
30 9.774388 9. 905179 [ | 9,869209 | 10,130791 | 30 
— t 
| 31 | 9.774558 9,905085 9.869473 | 10130527 | 29 
| 3 | 9774729 | 9:904992 | | 9869737 | 10,130263 | 28 
| 33 1 9+774899 | 9.904898 | | 9,870001 | 10,129999 | 27 | 
34 | 9775070 | 9904804 | | 9,870265 | 10,129735 | 261 
35 1 9775240 | 9:904711 | | 9-870529 | 10,129471 J 25 
| 35 | 94775410 | 9,904617 | | 9.870793 | 10, 12920 2+] 
37 | 9775580 | 9,904523 | | 9,871057 | 10,128943 | 23 
33 | 9775750 | 9:904429 | | 9.871321 | 10,128679 | 22 | 
39 9.775920 9, 904335 | 9.871585 10, 1284151 
40 9, 775090 9, 904241 [9,87 1849 | 10, 128151 | 20 
119.7765259 9.904147 | 9.872112 10, 127888 Y 
42 | 9.776429 | 93904053 9872376 | 10,127624 | 18 | 
43 | 9.776598 | 9993959 | | 9872640 | 10,127360 | 1 
44 | 9776768 | 9,903864 | | 9,872903 | 10,127097 | 1 
45 19.776937 92993770 | 9.873167 | 10,126833 | 15 
| 46 9,7771069, 903676 91873430 10, 126570 11 
1479.777225 | 94903581 85 873694 | 10, 126306 
| 45 | 92777444 | 9993487 | | 9,8 573957 178 
| 49 | 9+777013 | 94903392 | | 9,874220 | 10,125780 | 
| 52 93777781 | 9,903298 9,87 4484 | 10,125516 10 
51 | 94777950 9.9% 203 | 9.374747 to125253. | of 
| 52 | 9778119 | 9,90310 9,875010 | 10,124990 | 8 
53 | 9.778287 | 9,903013 | | 9875273 | 10,124727 | 7 
54 | 99778455 | 9902919 | | 9.875536 | 10,124464| 6 
55 | 92778623 | 9.902824 9.875799 | 10,124200 | 5 | 
E. 9.778792 1 9.902729 | 9.876063 10,123937 | 4 | 
57 | 9778960 9.902634 9.876326 10, 123674 31 
58 | 94779127 9.902539 | 9.876589 | 10,123411 | 2 
| 59 | 9»779295 | 9992444 | | 9,876851 | 10,123149 | 
| 22 1 9779463 | 9902349 | | 9.877114 | 10,122885 | 5 
; | Cee] Sine | | Co-ran, | Tangent | M 
TY 53 DE G. | 


09.779463 9.902349 | 9.877114 10.122885 | 60 


— ͥ fœ— — 


140 37 DEG. 
M | Sine | Co-fine 17 | Tangent Co- tan. 1 


— — — ———— ͤ ͤ́ ́à-ꝗð»PäFUwᷓ— ꝑͥꝑ ou. oo Oe. — 
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— 


r | 9779631 | 94902253 | | 94877377 | 10,122623 | 59 
29.779 98 | 9.902158 | | 9.877640 | 10,122360 | 58 
3 | 99779965 | 9.902063 | | 9,877903 | 10,122097 | 57 
4 | 9,780133 | 9,901967 9.878165 | 10,121834 | 56 
5 | 9.780300 | 9, 90872 | | 9.878428 | 10,121572 | 55. 
6 | 94780467 | 9,901776 } | 9,878691 | 10,121309 | 54 
7 | 9780634 | 9,901081 | | 9,878953 | 10,121047 | 53. 
8 | 9,780801 | 9,901585 | | 9,879216 | 10,120784 | 52 
9 | 9,780968 9.901489 9879478 | 10,120522 | 51, 
— 9.781134 9.901394 | 9.879741 | 1, 120259 | 50 
6 . r 
9,781 301 9,90 1298 | | 9,880003 10, 119997 | 49 
9,781407 | 9,991202 9.880265 | 10,119734 | 48 
13 9,781634 | 9,901106 } | 9,880528 | 10,119472 | 47 
14 | 9,781800 | 9,901010 | | 9,880790 | 10, 119210 46 
15 | 9.781966 | 9,900914 | ] 9.881052 ] 10,118948 [45 
© 1 9,782132 9,9008 18 | 9,881314 | 10, 118686 44 
17 9.782298 9,9007 22 9,8815760, 118424 43 
18 9.782464 9.900626 95881839 | 10, 118161 42 
19 9,7826309, 9005 29 9,882101 | 10, 11789941 
20 9,78 2796 9, 90433 9.882363 | 10,117637 | 40 
21 9, 782961 . 19.882625 10, 117375 n 39 
22 9,783 27 9g,900240 9,882886 19,117413 38 
23 | 9,783292 9, 900144 95883148 10, 11685237 
2549.783457 5997 9.883410 10, 116590 | 36 
25 9,7836239, 899951 97883672 10, 116328 | 35 
209, 78378 | 9, 899854 „883934 10, 16066 34 
27 7 | 9178395: 9.899757 | | 9:884195 10, 115804 33 
28 | 9,784118 | 9,893660 | | 9,884457 10, 115543 | 32 
29 | 9,784282 | 9,399563 9,884719 | 10, 11528131 
9.784447 | 9 999467 2 10% 150 | 30 
= e 1 Sine | | Co-tan, 34 Tangent 1 * 
52 D E G. 


— . KZůU—uvßl— — 


14 


INM Sine 


1 Coofne | | Tangent | 


Co-tan. | 


—L[ 


30 9.784447 9.399467 11 9-884980 | 10.1 115020 | 30 30 


31 19 7846129. 899370 | | 9-885242 42 10. 114758 29 
32 9.784776 9.899273 9.885503 10.114497 | 28 þ 
33 9.784941 9.89975 9.885765 10.114235 | 27 

134 9.785 105 | 9.899078 | 9.886026 | 10.113974 

35 9.785269 | 9.898981 11 9- .886288 | 10.1 13712 | 25 

359.7854339. 898884 | | 9. 886549 10.113451 
37 9.788587 | 9.898787 9.886810 | 10-113190 E: 
33 | 9-785761 9.898689 9.887072 | 10.112928 

39 | 9-785925 | 9.898592 | | 9.887333 | 10-112067 

| 40 | 9- 786088 | 9.898494. | 9. 887594 10. 112406 

41 9.786252 | 9.898397 9.887855 10.112145 19 
42 9.786416 9.898299 | 9.888116 | 10.111884 | 18 

] 43 | 9+ 780579 9.898201 9.888377 | 10.111623 | 17 

| 44 | 9-7 A 9.898 104 | 9.888638 | 10.1.1361| 16} 
45 | | 9.786906 | 9.898006 | | 9.888899 | 10.111100 | 15 

1 Wy 

{ 46 | 9-787069 | 9.897908 | 9.889160 | 10.110840 | 14 
47 | 9-787232 | 9.897810 9.589421 | 10. 110579 | 13 

4819.787395 | 9.897712 | | g 839682 | 10.110318 | 12 
49 9.787557 [9.897614 9.889943 10-110057 | 11 
50 | 9.787720 i 9.897519 | 9. 890204 | 10.109795 to 
5119.287883 | 9.897418 | | 9.890465 ; 10.109535 | 9 
52 { 9.788045 | 9.897320 4 8907 25 | 10 109275 8 
53 9.788208 | 9.897222 9.890986 | 10.109014 } 7 

l 54 | 9.788370 | 9.897123 9.891247 10. 108753 6 

| 55 9.7885 32 | 9.897025 9.891507 10. 108493 5 

| 56 | 9.788694 | 9.896926 9.391768 | 10.108232 | 4 
57 | 9-788856 | 9.896828 9.892028 0 10. 3 
58 | 9.789018 | 9.896729 | | +2986 10 10% 11 2 
59 9.789180 | 9.896631 | | 9.592549 | 10. 10904511 
6o 9.789342 | 9.896532 Y 892810 | 10.107190 | © 

Sine | | Co-tan, I Tangent | M 


| Corine 
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42 38 D E G. 
MI Sine | Co-/fine | | Tangent | Co-tan. ** 
— — - | | 
o | 9-789342 | 9.896532 |, | 9.892810 | 10.107190 | 60 | 
r | 9-789504 | 9.896433 | | 9.893070 | 10 106930 | 59 | 
2 | 9-789665 | 9.896335 | | 9.893330 | 10. 106669 | 58 } 
3 | 9-789827 | 9.896236 } | 9.893591 | 10.106409 | 57 | 
4 | 9-789988 | 9.896137 9.893851 | 10.106149 | 56 | 
5 | 9:799145 | 9.896038 | | 9.894111 | 10.105889 | 55 | 
6 | 9.790310 | 9.895939 | | 9-894371 | 10.105628 | 54 | 
7 | 9-790471 | 9.895840 | | 9.894632 | 10.105368 | 53 
8 | 9.790632 3.85564 | | 9.894892 | 10.105108 | 52 
99.790795 | 9-895641 | | 9-895152 | 10.104848 | 51 
10 [9.290954 | 9.89554 | | 9-895412 | 10.104588 | 50 
11 9.791118 | 9: 895443 9.898672 10.104328 | 49 | 
12 | 9.791275 9.895343] | 9-395932 | 10.104068 | 48 | 
13 | 9-791430 | 9-895244 | | 9.896192 | 10.103808 | 47 | 
14 | 9-791596 | 9-895144 | | 9:396452 10. 103548 46 1 
15 9.791756 9.895045 | | 9-896712 10. 103288 45 | 
16 | 9.791917 9.894945 9.896971 10. 10302844 
1719792077 9.394540 9.89%231 | 10. 102769 | 43 | 
18 9.792237 | 9. 394740 9.897491 þ 10:10250g 42 
19 9.792397 | 9:394646 | | 9:897751 | 10.102249 | 41 
20 | 9-792557 [9.894546 E 9. 898010 | 10. 101990 40 
21 223 9. 294446 | | 9.898270 | 10.101730 | 39 
22 9.792876 19.894346 9.898530 10. 101470 38 þ 
23 | 9:793035 9 294440 9.898789 10.101211 | 37 
24 | 94793195 1 9- "94342 9.899049 | 10.100931 þ 36 
25 | 9:793354 | 9.894046 | | 9.899308 | 10.1006g2 El 
26 | 9.793513 9.893946 | 9.899568 | 10.100432 | 34 
27 | 9-793673 | 9:393845 | | 9.899827 | 10.100173 | 33 | 
| 28 | 9.793532 9.893745 | 9.900086 10.099913 | 32 
29 | 9-793991 | 9-893645 | 9.900346 10.099654 | 31 | 
| 39 | 9-794149 1 9:393544 | | 9-900605 1.99395 | 30 | 
Cine Sine | | Co-ran. | Tangent | M | 
ET 2 9585 8 E G. | 


38 D E G. 
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Sine 


— — 


„ — tA 


I Coe | | Tangent 


— 


Co-tan, 


30 | 9:794149 | 9.893544 1 9.900605 | 10. 0.999395 | 30 


131 


9.794308 9.893444 13 10. 99135 | 29 
32 9.794467 [9.893343] | 9:-901124 | 10.098876 | 28 
33 | 9-794626 | 9.893243 | | 9.901383 | 10.098617 | 27 
34 | 9794784 | 9.893142 | 9.901642 10. 098358 | 26 
35 | 9-794942 | 9-893041 | 9 901901 | 10.098099 | 25 
36 | 9:795101 | 9.892940 9.902160 | 10.097839 | 24 
HF 
38 | 9.795417 | 9.892738 | | 9.902678 | 10.097321 | 22 
| 39 9.795575 223265 9.902937 | 10.097062 | 21 
40 9.795733 9.892536 | | 9-903196 | 10.296803 | 20 
41 | 9.795891 9892435 9.903455] 10. 096544 19 
42 | 9.796049 9.892334] [9.903714 10. 096285 | 18 
| 43 | 9-796206 | 9.892233 | 1 9.903973 | 10.09h027 | 17 
1449.796364 9.892132 4 10.095 768 5 
45 9.796521 9.89 2030 | | 9.994491 } 10.09550g | 15 
46 | 9-796678 | 9 891929 | | 9.504750 | 10.095250 | 14 
q 47 | 9-790836 | 9.891827 | | 9.905008 | 10.094991 | +3 
48 9.796993 | 9891726 | | 9.995267 | 10.094733 | 12 
49 9.797150 | 9.891624 | | 9.905526 | 10 094474 | 11 | 
50 9.797307 9.891522 9.905784 | 10.094215 | 10 
| 51 | 9-797464 | 9.891421 | | 9.905043 | 10.993957 | 9 
52 | 9.797621 | 9.891319 9. 906302 | 10.093698 | 8 
| 53 | 9:797777 | 9-891217 N es 10.093440 | 7 
54 9-797934 9.891115 9.906819 | | 10,093181 |' 6 
55 19.798091 | 9.891013 9.997077 10. 0929235 
56 | 6.798247 | 9.899911 | | 9.907336 | 10.092664 | 4 
75845 9.890809 | 9.907594 | 10.092406 | 3 
58 9.798560 | 9.890707 | | 9.997852 10.092147] 2 
$9 9.798710 | 9.890605; 9.998111 | :0.091838g9 | 1 

9.7988 2 | 9.899503 | 1 10. 0916311 0 
1— __ — VW 
I 8  Co-fine | Sine | | Cotta. | Tangent [ M 
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39 DEG. 
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M | 


Sine | Co. in: 


1 | Tangent | Co-tan. 


0 | 94798872 | 9,890503 „ 9.908369 10,9 1631 | 60 


19.799028 | 9,890400 | | 9.908627 10.091373 | 59 
2 |' 9.799184 | 9.899298 9.908886 | 10.091114 | 58 
3 | 9:799339 | 9.890195 | | 9.909144 | 10. 9085657 

4 | 9.799495 | 9:390093 | | 9.909402 | 10.090598 
5 1 9-799651 | 9.839990 | | 9.909660 | 10,090340 | 55. 
6 | 9.799806 | 9.889888 | | 9.909918 | 10.090081 | 54 
7 | 9:799961 | 9-889785 | | 9.910176 | 10.089823 | 53 
8 | 9.800117 | 9.889682 | | 9.910435 | 10.089565 | 52 
9 | 9.800272 | 9.889579 | | 9.910693-j 10.089307 | 51 
10 | 9.800427 | 9.889476 [9.910951 | 10,089049 50 
I1 | 9.800582 | 9.889374 | | 9:911209 | 10.088791 49 
12 9.800737 9.889271 9.911467] 10.088533 | 48 
13 | 9.800892 | 9.889167 | 9.911724 10.088275 | 47 
14 | 9:801047 | 9.889064 | | 9.911982 | 10.088017 | 46 
15 | 9.801201 | 9.888961 | | 9:912240 10.087760 | 45 
16 9.801356 | 9.888858 [ 9.912498 | 10.037502 | 44 
17 | 9.801510] 9.888755 | | 9.912756 | 10.087244 | 43 
18 | 9.801665 | 9:888651 | | 9.913014 | 10.086986 | 42 
Ig | 9.801819 | 9.888548 9.913271 | 10.086729 | 41 
20 | 9.801973 | 9.888444 | | 9.913529 | 10.086471 | 40 
21 | 9.802127 | 9.888341 1 9.913787 | 10.086213 | 39 
22 | 9.802282 | 9.888237 9.914044 | 0.085956 | 38 
23 | 9:802435 | 9.888133 | | 9.914302 | 10.085698 | 37 
24 | 9.802589 | 9.888030 | | 9.914560 | 10.085440 | 36 
25 9.802743 9 £87926 | | 9-914817 | 10.085183 | 35 
26 | 9.802897 | 9.887822 | 9.915075 10.084925 34 
27 | 9.803050 | 9.887718 | | 9.915332 | 10.084668] 33 
28 | 9.803204 | 9.887614 9-915590 | 10,084410 | 32 
29 ] 9:303357 | 9.887510 | | 9.915847 | 10.084153 | 31 
30 39.8035 10 | 9.887406 9.916104 10.083895 [30 
| Co-fre | Sine | | Co-tan, | Tangent | M 
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30 DEG. 145 
8 * add xa — — — — 
M | Sine op c fe a | Fangent 1 Coane. — 
30 | 9: +8035 ro | 1 9- 887406 i 9. 916104 10.083895 | 30. 
| — —P—)d — — 
31 Nr 9,887 302 9,0176362 20, 883638 29 
32 [980331 | 9,887198 9,916619 10, 083381 28 f 
33 | 94803970 | 9.887093 1 9.916875 | 10,083123 |,27 |- 
| 34 | 9804123 | 9,886 999 [9 9,917134| 10, 8286626 
135 9.804276 5.886884 9,917 391 | 10,082609 | 25 | 
— —— Ä— — — — — 
1369.894428 9,8867 80 I 1 9.917648  10,082352 |.24 | 
H 9,8564581 9.886675 | 9.917905 | 10,082094 | 23 
138 | 9,804734 | 9,886571 | | 9.918163 | 10,081837 | 22 | 
39 | 9,804886 J 9,886466 | 9.918420] 10,081580 | 21 | 
40 94805038 9,386301 | 9,918677 E [: 
Fry: | 94805791 9,886257 | 9.918934 10, ; 055 19 
1429, 805343 xo 9.919191 165088889 8 
43 9.805495 | 9.886047 |] | 9.919448 [10,805 5217 
44 | 9805647 | 9.885942 | | 9.919705 Rene | 
45 | 9805799 9.855837 I 9919902 10,080038 5] 
|= : | 1 
| 45 | 9.805951 x 9.885732 | | 9,9202i9  10,979781 | 14 1 
47 9.808103 | 9,88507 | 9,920476 | 10,c 7952413 
48 9.806254 9,885 521 | 0.920733 | 10,079267 12 
49 9, 806406 9.885416 N 9, 9209 10, 079010 | 11 
50 | 9.806557 9.885301. 9.921247 10,8753 10} 
| — —1 1 
51 9,8060 9,885 205 | | 9,921503 10, 78496 9 
52 | 9, 806860 9,885 100 9.921760 10,8240 8 in 
53 | 9.807011 | 9.884994 | | 9.922017 | 10,077983 | 7 
| 54 | 9.807162 | 9,884. 889 9922274 | 10.077726 | 6 
55 9.807314 9.384783 | 9.922530 19077499] 5 | 
156 9.807464 9,884677 9,922787 10. 077213 4 | 
57 | 9,8076i5 | 9,884572-| 9.923044 10,076956 | 3h 
58 | 9,807766 9.884465 9.923300 | 19,07 6699 | 2 | 
59 | 9.807917 | 9,884360 | | 9.0-3557 | 16,976443 | 1 | 
60 9,808067 | 94884254 95923813 10,076186 | 0 f 
| Co fun. | Sine II Co- tan. [ Tangent 4M 
— 5 — 8 


146 


40 D E G. 


M | 


Sine 


| Co-/ine || Tangent | Co-tan, | 


—___ 


—  _—— 


14 9.808067 1 9:884254 | | 9.923813 | 10,076186 | 60 


— „ At. ot — 


I 9.808218 | 9. 884148 9.924070] 10.075930 | 59 
2 | 9.808368 | 9.584042 9.924327 | 10.075673 | 58 
319: 808519 | 9.883936 | | 9.924583 | 10.075417 | 57 
4 | 9 808669 9.883829 9.924839 10.075 160 | 56 
5 | 9-808819 | 9.883723 | | 9-925096 | 10.074904 | 55 
6 | 9.808969 | 9.883617 | | 9 925352 | 10.074647 | 54 
79.809119 | 9.883510 | | 9.925609 | 10.074391 | 53 
8 |} 9.809269 4 W494 9-925505 | 10.074135 | 52 
99.809419 9.883297 | IE 926121 10.073878 | 51 
10 | 9.809569 t 9. 883191 9.926378 | 10 073622 | 50 
| t1 | 9.809718 | 9.883084 % 9.926634 | 10.073366 | 49 
12 |, 9.809868 | 9.882977 9.926890 | 10.073110 | 48 
' 13 | 9.810017 | 9.882871 9.927147 | 10.072853 47 
14 1 9.810166 | 9.882764 | | 9.927403 10.072597 46 
. 15 | 9.810316 | 9.882657 | 1 9.927059 | 10.072341 45 
16 3 9. 8 10465 9.882550 | | 9.927915 | 10.072085 | 44 
17 | 9.810614 | 9.882443 | | 9:928171 | 10.071829 43 
189. 810763 | 9.822336 | | 9.928427 10.071573 42 
19 | 9.810912 | 9.882228 | | 9.928683 | 10,071317 | 41 
20 | 9.811061 | 9.882121 | | 9.928940 | 10.071060 | 40 
21 | 9.811210 | 9.882014 9.929196 | 10.070804 | 39 
229. 811358 | 9.881907 9,929452 | 10.070548 | 38 
23 | 9.811507 | 9.881799 | 9. 929708 10.070292 | 37 
249. 811655 | 9.881692 | | 9.929964 | 10.070036 | 36 
25 | 9.811804 | 9.881584 | | 9.930219 | 10.069781 | 35 
i 26 | 9.811952 9.881477 | 9:930475 | 10.069525 | 34 
27 | 9.812100 | 9.881369 | j 9.930731 | 10.069269 | 33. 
28 | 9.812248 | 9.881261 | | 9.930987 | 10.069013 | 32 
29 9. 812396 9.881153 9.931243 | 10.068757 | 31 
130 | 9.812544 | 9.881045 9-931499 10.068 50 | 30 
| Cone | Sine | | Co-tan. | Tangent | M 
| 49 D E G. 


- T2 D E G. 


M | 


Sine | | 


2 ne 


* Tangent | Ce-tar. 


30 91812544 | 9.881045 [| | 9- 931499 | 10,068501 30 


—— 


| 
{ 


31 | 9.812692 | 9.880937 9.931755 | 10.068245 | 29 
32 | 9.812840 | 9.880829 9.932010 10.067989 | 28 
33 9.812988 | 9.880721 | | 9.932266 | 10.067734 | 27 
34 | 9-813135 | 9 880613 9.932522 | 10.067478 | 26 
35 | 9-813283 | 9.880305 | | 9.932778 | 10.067222 | 25 
36 | 9-813430 | 9.880397 | 94933033 | 10.066967 | 24 
37 | 9 813578 | 9.880259 9.933289 | 10.066711 | 23 
38 | 9.813725 | 9.880130 9.933545 10.066455 | 22 
39 [0.813872 | 9 880072 | | 0.933800 | 10.066200 | 21 
40.814019 | 9.875903 | | 9934956 | 10.065944 | 20 
41 | 9.814166 | 9.879855 9.934311 10.065688 19 
42 | 9 814313 9379742 9-934507 | 10.065433 | 18 
43 | 9-814460 | 9.879637 | ' 9.934822 [10.065177 | 17 
44 | 9.814607 : 879529 | 94935978 10.064922 | 16 
45 | 9:814753 ] 9-879420 | | 9-935333 | 10064666 | 15 
46 | 9.814900 | 9.879311 | 9935589 10,064411 | 14. 
47 | 9-815049 | 9.879202 | | 9-935844 | 19.c64156 | 13 
4319.815193 | 9.879093 9.930100] 10.e63900 | 12 
49 | 9-$15359 | 9.878984 9.936355 [10.063645 | 11 
50 | 9.815485 | 9.878875 9.936610 J 10. 63389 | 10 
51 | 9.815631 | 9.878766 9.936806 | 10.063134 | 9 
52 | 9.815777 | 9.878656 9.937121 | 10.062879 | 8] 
5319.815923 | 9-879547 | 19 937370 10.092623| 7 
54 } 9.816069 | | 2 878438 9.937632 1 10.062368] 6 
55 | g.316215 | 9.878328 9.937587 10. 0621131 5 
56 9.616361 9.878219 | | 9.938142 | 10. 061858 4 
57 9.816505 | 9.878109 9.938297 | 10.051602 | 3 
58 8.81665 29.877929 9 938653 | 10.0613247 | 2 
59 | 9.816797 9.877890 9.939898 10.062092 | 1 
60 | 9.816943 | 9.877780 | | 9.939163 | r10.060337 } © 

c | Sine | | Co-rarn, | Tangent | M 

| ag DR 6: 


4 
0 
le 
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117 


—— —— —— — — — — 
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— — —id >» — — — 


148 41 D E. G. 12 
— — — — — — ro 
M | Sine Co-fine | Tangent | Co-tan, | - 
o | 9.816943 | 9.877780 | | 99939163 | 10,060837 | 60 
I 9.817088 | 9.877670 9,5939418 10,060582-] 5 
2 | 9.817233 | 9.877500 | | 9.939673 | 10,060327 
3 | 94817378 | 9.877450 | | 9.939928 | 10,060072 
i 4 | 9.817523 | 9.877340 | | 9,940183 | 10,059816 
5 | 9.817608 | 9,877230 | | 9940438 | 10,059502 | 
6 | 9,817813 | 9,877120 9,940693 | 10,059306 
7 | 9:317958 | 9,877009 | | 9940948 | 10,0590F1 
8 | 9.818103 | 9,876899 | * 9,941203 | 10,058796 
9 | 9818247 | 9.370789 | | 9.941458 | 10,058542 
10 | 9,818397 9.876672 99941713 | 10,059287 
+ 9,8186 36 9.376568 94941968 1,0 58032 
813681 | 9.876457 | | 9.942223 10, 57777 
15 9.818825 } 9-8763+7 | | 9.942478 | 10,057522 
14 | 9,8: 3969 9.875236 | 9942733 | 10,057267 
15 9.819113 | 9,876125 9,942988 | 10,057012 
1649.819257 | 9.879014 | | 9,943243 | 10,056757 
9.8 19401 | 9,375904 | | 9.943498 | 10,056502 
18 | 94839545 | 9375793 | 994375210, 056248 
19 9.819689 | 9,875082 | | 2944097 10.055993 
20 9,819832 | 9,875571 | 994430 2 | 10,055738 
- e e eee 
21 9,8 19976 9,875459 9.94450 10, 55483 
822198275511 | | 9.944771 | 10,055229 
23 9, 820263 | 9.975237 | 9945026 | 10,054974 
24 | 94820406 | 9,375125 | | 9945281 | 10,054719 
heb 9.820549 9.87504 9.945535 | 10,054464 
820693 | 94874903 | | 9945799 | 10,054210 
27 | 9829836 | 9,874791 | | 9,940045 | 10,053955 
2819.820979 { 94874979 | | 9.940299 | 10,053701 
29 | 9.821122 | 9,874568 9.945854 10,053446 
30 | 9,921204 | 9.874459 | | 9,946808 | 10,053192 


| | Co-tan, — Tangent 


48 N E G. 


mum 


41 DEG. 


—— — 


Mj Sine | Co-fae | | Tangent | Ce-tan. 


EA 


— 


| 
| 
| 
| 


30 | 9.821264 | 9.874456 | | 9.946808 | 10.053192 | 30 


of "% 2. Ir A 4s 


6ꝛ—— 
31 9,82 1407 94374344 | 9947063 I0,052937 | 29 
32 | 9,821550 | 94874232 9,947317 | 10,052082 | 28 
33 | 9.821692 | 9,874120 | | 9,947572 i 10,052428 | 27 
q 34 | 9321835 | 9.374008 | | 9,947826 | 10,052173 | 26 | 
35 19.821977 | 9.873896 | | 9,948081 | 10,051919 | 25 
36 | 9,822120 | 9,873784 94948335 | 10,051664 | 24 
37 9,8222629, 87367 | 9.948590 10,051410 | 23 
38 | 9,822404 | 9,873560 | | 9.948844 | 10,051156 | 22 | 
39 | 94822546 | 9.873447 | 9949099 | 10,050901 | 21 
40 ' 9,8226088 | 94873335 | | 9949353 | 10,050647 | 20 
{ 41 | 9822830 | 9,873223 | 9949027 | 19050993 3] 
42 | 9,822972 | 94873110 9.949862 | 10,050138 | 18 
43 | 94823114 | 9,872998 9,950116 | 10,049884 | 17 
| 44 | 94823255 | 9.372885 5 05. 10, 49630 16 
45 9,823397 | 94872772 [9,9506525 10, 049375 | 15 [ 
| 46 | 9,823538 9.872659 | | 9,950879 | 10,049121 | 14 
47 | 9,823680 | 9,872546 9.951133 10,048867 | 13 | 
48 9.823821 | 9,872434 9,951388 | 10,048612 | 12 
| 49 4 94823962 | 9,87232: | | 9,951642 | 10,048358 | 11 
50 | 9,824104 | 9,872208 9,951890 | 10,048104 ad 
51 | 9.824245 | 9372094 | | 9,952150 | 10,047850 | 9 
52 | 9.824380 | 9,871981 } | 9,952404 | 10,047595 | 8 
53 | 9.824527 | 9.871868 9952059 | 10,047341 | 7 
54 | 9.824667 | 9.871755 | | 9.952913 | 10,047087 | 6 
55 | 9,824828 | 9,871041 9,95 3167 | 10,046833 | 5 
| 55 | 94824949 2373477 2 10, 046579 4 
1 57 | 9.325090 f, 871414 9953575 | 10, 46325 3 
589,825 230 | 9,871301 9,95 3929 | 10, 046071 2 
59 | 94925370 95107 9954183 1045817 I 
| ©* + 9.825511 1 9.871073 ] | 9.954437 | 10,045562 | © 


Corine | Sine is Co-tar, 1 Tangent IM 


48 D E G. 


— 


| 47 


D E G. 


150 42 DE 18 
M | Sine | Co-/ine 1 ['T angent | Co- tas. 5 
o | 9.825511 | 9.871073 | 9 954437 | 10. 045562 | 60 
t | 9:825651 | 9.870960 | | 9.954691 | 10.045308 59 
29.825791 | 9.870845 | | 9.954945 | 10.045054 | 58 
39.325931 9.870732 9.955199 10.044800 57 
4 . 9.955453 10. 0445 46 | 56 
5 9.825211 9.870504 | 9-955707 | 10.044292 | 55 
6 | 9.826351 | 9.870390 9.558276 10.044038 | 54 
7 | 9 826491 | 9.870275 | | 9.956215 | 10.043784 | 53 
8 | 9.826631 | 9.879161 | 9.956469 | 10.043531 | 52 
9 | 9:826770 | 9.870047 | | 9.956723 | 10043277 | 51 | 
10 | 9.826910 | 9.869933 | | 9-956977 | 10-043023 | 50 
11 | 9.827049 | 9.869818 | | 9.957231 | 10.042769 | 49 
12 | 9.827199 | 9.869704 | | 9.957485 | 10.042515 [48 
13 9.827328 | 9.869589 | | 9.957739 | 10.042261 47 | 
14 | 9.8:7467 | 9.869474 | | 9:957993 | 10.042007 | 46 
is 9-827606 9.869360 9-958246 10.041753 | 45 
16 | 9.827745 9.869245 9.958500 | 10.041500 | 44 
17 | 9.827884 | 9.869130 9-958754 | 10.041246 | 43 
18 9.828023 | 9.869015 9959008 10.040992 | 42 
19 | 9.828162 | 9.868900 | 995987 2 | 10.040738 | 41 
20 | 9.82830 | 9.868785 + 9.959515 | 10.040485 40 
2I | 9.923439 | 9.868670 9.959769 | 10.040231 | 29 
22 | 9.828578 | 9.868555 | | 9.960023 | 10.039977 | 38 
23 | 9:828716 | 9.868439 | | 9.969277 | 10.039723 | 37 
24 | 9.828855 | 9.868324 9.900530 | 10.039469 | 36 
25 | 9.828993 | 9.868209 | | 9 960784 | 10.039216 | 35 
26 | 9.829131 9.868093 9.961038 10.038962 34 
27 | 9.829269 | 9.867978 9.961291 | 10.038708 | 33 
28 | 9.829407 | 9.867862 9.961545 [10.038455 | 32 
29 | 9:829545 3.36787 9.961799 10.038201 | 31 
31.829883 1 9.86763 | | 9.962052 | 100379471 30 
coe | Sine | | Co-ran. | Tangent | M 


— 


42 - DEG. 


185 


— — 


— 


47 D E G. 


M | Sine 1 Co-fine | | * Tangent | Co: tan. 
1 | 9.829683 J 9.867631 | | 9,962052 | 10,037947 | 30 
31 9.829821 9.867515 | | 9.962306 | 10. 037694 29 | 
32 | 9:829959 | 9.867399 | | 9-962560 | 10.037440 | 28 
33 | 9. 830096 | 9.867283 9.962813 | 10.037187 | 27 
34 | 9-830234 | 9.867167 9.963067 | 10.036933 | 26 
35 9-830372 9.867051 9.963320 | IG. 036006 25 
369.8 30g | 9.866935 9.963574 10.036426 | 24 
37 | 9.830646 | 9.866819 9.963827 | 10.036173 
38 [| 9. 230708 9.866703 | 9.96408 1] 10.035919 | 22 
39 19.830921 | 9.866586 9-964335 | 10.035665 | 21 
40 | 9.831058 | 9.866470 9-994588 | 10.035412 | 20 
41 | 9.831195 | 9.866353 | | 9.964842 | 10.035158 | 19 
42 | 9.831332 | 9.866237 9.255598 10.034905 | 18 
| 43 | 9-831469 | 9.866120 | | 9.965348 | 10.034651 | 17 
49831606 | 9.866004 | | 9.965602 | 10.034398 | 16 
45 | 9-831742 | 9.865887 | | 9:965855 | 10.034144 | 15 
46 | 9-831879 | 9.865770 9.966109 | 10.033891 | 14 
47 | 9:832015 | 9.865653 | | 9.966362 | 10.033638 | 13 
48 | 9.832152 | 9. 865530 9.966616] 10.033384 | 12 
49 | 9.832288 | 9.865419 | | 1356 966869 | 10.033131 | 11 
50 | 9. 832425 9.865 302 9.967122 | 10.032878 | 10 
5119. 832661 9. 868 18 f +1 | 9.967476 | 10.032624 | 9 
52 | 9.832697 | 9.865068 | 9.967629 | 10.032371| 8 
53 | 9832833 | 9.864950 9.967883 | 10.032117 | 7 
54 | 9-832969 9.864833 9.968 136 | 10.031864 | 6 
55 | 9.833105 | 9.864715 | } 9.968389 | 10.031611| 5 
56 | 9.833241 | 9.864598 9.968643 | 10.031357 | 4 
57 | 9.833376 | 9.864480 2 10.031104 3 
58 | 9.833512 | 9.864303 9 969149 | 10.0308;1 | 2 
59 9.833648 | 9.804245 | | 9- 999403 10.030597 | 1 
60 9.833783 9 864127 19-96 9656 | 10.030344 | © 
| Co-fine | Sine | | Co-tan, | Tangent | M M 


—__ 


152 43 DEG. 


MI Sine | Cen, | | Tangent | Co-tan. | 


— MA 
— — 


09.833783 | 9.864127 | | 9.969656 | 10.030344 | 60 


9.833919 | 9.864010 | | 9,959909 | 10,0300g1 | 59 
9,834054 | 9,863892 | | 9,970162 | 10,029838 | 58 
9.834189 | 9.863774 | | 9979416 | 10,029584 | 57 


9.834324 | 9.863656 | | 9,970669 | 10,029331 | 56 
9.834460 | 9,863537 | | 9.970922 | 10,029078 | 55 


9.834730 9803301 | | 9,971428 | 10,028571 | 53 
9,834805 | 9,863183 9,971682 | 10,028318 | 52 
9.834999 | 9863064 | | 9.971935 | 10,028065 | 51 
| 9835134 | 9.862946 


— _—__ — 


— 


9.834595] 9,8634199,971179 18537 54 


OO Ow il ww » = 


— 


cmd 
_— 


12 | 9,835403 | 9,862709 | | 9,972694 | 10,027306 | 48 


11 | 9,835269 | 9,862827 | | 9,972441 | 10,027559 | 49 


9972188 | 10,027812 | 50 


13 | 94835538 | 9,802590 | | 9.972948 | 10,027052 | 47 
I4 | 9,835672 | 9,862471 9,973201 | 10,026799 | 46 
15 9.835806 | 9,862353 9.973454 | 10,026546 | 45 


— — — I _——__—_ — — 


9· 973707 | 10, 2629344 
17 | 9.836075 | 9,862115 | 9.973960 | 10, 26040 | 43 
18 | 9,836209 | 9,861996 9,974213 | 10, 2578742 
19 | 9,836343 | 9,861877 9974406 | 10,025533 | 41 


— 
S 
2 
O0 
2 
wa 
\O 
— ; 
— 
2 
oO 
oO 
tv 
ty 
WI 
+ 


— — 


| 21 | 9,836611 9.861638 1 9.974973 10,025027 | 39 


1239.836878 | 9,861399 | | 9.975479 | 10,024521 | 37 
1249.837012 | 9,861280 | | 9,975732 | 10,024268 | 36 
| 25 | 9.837146 1 9,861161 9,975985 | 10,024015 | 35 


26 | 9,837279 | 9,861041 | | 9,976238 | 10,025762 | 34 
27 | 9,837412 | 9.8609:1 9970491 | 10,023509 33 
28 | 9,837546 | 9,860802 9,976744 | 10,023256 | 32 
29 | 9.837679 | 9.860682 | | 9,976997 | 10,023003 | 31 
30 9,8378129, 860562 9, 977250 10, 22750 30 


| Co-fre | Sine | | Co-rtan, | Tangent |M 
5 . 


| —_—— 8 — — a. th ** . 


— ____— 


| 22 | 9, 836745 9,8615 19 9,9752260, 24774 38 


20 9, 836477 | 9,861757 9.974719 | 10, 25280 40 


„ — — 


— — 


M I. Sine 


43 DE G. 


| cee. f 1 Tangent | 


—  _———e ee 


JE | 9837310 7'9- n e 19.977250 10. 022750 o| 30 


7 o-tam. | 


— 
* 


* 


31 9.837949 94860442 9.977503 | 10.022497 | 29 
32 | 9.838078 | 9.860322 9.977756 | 10.022244 | 28 
33 | 9.838211 | 9.860202 9-97 800g 10.021941 | 27 
1 34 | 9.838344 | 9.860082 | | 9.978262 | 10.021738 | 20 
39 | 9-838477 | 9859962 | | 9.978515 | 10.02148s 25 
36 9.838609 7959042 9.978768 [10.021232 | 24 
37 9.838742 | 9-859721 | | 9.979021 | 10.020979 | 23 
38 9.838875 | 9.859601 9-979274 | 10.020726 | 22 
39 9.839007 2883855 9.979527 | 10-020473 | 21 
40 | 9.839.140 | 9.859360 9: 979780 | 104020220 | 20 
41 9839272 9.859239 9.986033 | 10.019967 | 19 
42 9.8 39404 | 9.859118 9.980285 | 10.019714 | 18 
43 | 9: 339536 19.858998 | 9.980538 | 10.019461 | 17 
4419.839668 | 9.858877 9.980791 | 10.019209 | 16 
45 9.839800 | 9.858756 | | 9.981044 | 10.018956 
46 9-839932 9.858635 | | 9.981297 | 16.018703 | 14 
7 | 9.840064 | 9.858514 |} | 9.981550 | 10.018450 | 13' 
48 | 9.830196 | 9.858393 | | 9.981803 | 10.018197 | 12 
49 | 9.840328 | 9.858272 9.982056 | 10.017944 | 11 
5O | 9. 840459 9-858150 | | 9.982309 | 19.017691 | 10 
51 9.840591 9.858029 | 9.982562 | 10.017438 9 
52 | 9.840722 | 9.857908 | | 9.982814 | 10 617185 | 8 
53 | 9:840854 [9.857786 | 9.983067 | 19.016933] 7 
54 | 9.840985 | 9.857665 9.983320 | 10.016680 | 6 
55 | 9.841116 | 9.857543 | 9.983573 | 10.016427 | 5 
56 | 9.841247 | 9.857421 9.983826 10.016174 2 
$7 | 9.841378 Ile 9.984079 10.015921] 3 
58 9.841509 9.8571 9.984331 10.015668 2 
59 9.841640 | 9. des 9.984584 10.015416 | 1 
60 | 9.841771 | 9.856934 9.984837 | 10.015163 | © 
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1 | 9. pe [ 9.856812 | | 9.985090 | 10.014910 
2 | 9.842033 9.856690 | | 9.985343 | 10.014657 
3 | 9-842163 9.985595 10.014404 
419842294 9.856445 | | 9:985848 | 10.014151 
5 | 9-842424 | 9:856323 | | 9.986101 | 10.013899 
6 | 9. 842555 9.856201 9.986354 | 10.013646 
79.842685 | 9.856078 | | 9.986607 10.013393 
8 E 842815 9.858956 1 9.986859 10.013140 
919842945 9855833 9.987112 | 10.012888 
19 9.843076 | 9-855719 [9.987365 | 10.012635 
11 19. 9436 9. 355758 | 9.987618 10.012382 
129. 44785 9.855465 | 9-987871 | 10.912129 
13 | 9. 815 5 | 9:355342 | | 9-988123 [10.911877 
14 | 9- 843595 9-855219 | | 9.988376 | 10.011624 
15 | 9.8 43725 9.855090 | 9.888629 110.0171371 
16 | 9.843855 9854975 9.988882 10.011118 
17 9-343984 | 9.854850 | | 9.989134 | 10.010866 
18 | 9 844114 9554727 9.989387 | 10.010613 | 
' THO 9.854603 | | 9 989640 | 10.010360 
9-844372 | 9 854480 | | 9.989893 | 1.01010 
21 | 9.344502 | 9.834336] | 5 999145 10.099855 | 
9.844631 9-854233 | | 9- 999398 10.009602 
23 | 9:844760 ] 9.854109 | | 9.990651 | 10.009349 
24 | 9-844889 | 9.353986 | | 999990; 10.0090g6 | 
25 9.845018 E 853862 2557150 10. oo8844 
269.8451479. 853738 2 88180 10 008591 
' 27 | 9.845276 | 9 953014 | 9-991662 | 10. 008338 
28 | 9-845494 | 9. $53499 9-991914 | 10.008086 
29 | 9845333 | 9-£53365 9.992167 | 10.007833 | 
30 1 9- 845562 | 9- 855242 | 9.992429 10. 075 80 
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30 9.845662 | 9.8 
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9345790 | 9,853118 | | 9,992672 | 105007328 | 29 
32 | 9-845919 | 9352994 | | 9:992925 | 10,007075 | 28 
33 | 9.346047 | 9,852869 9,993178 | 10,006822 | 27 
34 | 9»840175 | 9,852745 | | 9993430 | 10,006569 | 26 
35 | 9-846304 9,85 2620 | | 9,9936583 | 10,006317 | 25 
36 | 9.846432 | 9852496 | | 9.993936 | 10,006064 | 24 
37 | 9.846560 | 9,852371 9,994189 | 10,005811 | 23 
38 9.846688 | 9,852246 | | 9,994441 | 10,005559 | 22 
39 | 9,846816 | 9,852122 | | 9,994694 | 10,005 306 | 21 
40 | 9.346944 | 9.851997 | | 9.994947 | 10,005053 | 20 
41 | 9,847071 | 9,851872 9,995199 | 10,004801 | 19 
42 9,847 199 | 94851747 | | 9.995452 | 10,004548 | 18 
43 | 94847327 9,85 1622 | | 9,995705 | 10,004295 | 17 
44 | 9+847454 | 9851497 |} 9.995957 | 10,004043 | 16 
45 | 9.847582 | 9,85 1372 | 9.996210 | 1c,003790 | 15 
46 9.847709 | 9.851246 | | 9,996463 | 10,003537 | 14 
47 | 9,847836 | 9,851121 | | 9,996715 | 10,003285 | 13 } 
48 | 94847964 | 9.850996 | 9.996968 | 10,003032 | 12 | 
49 | 9,848091 | 9,850870 | 9,997221 | 10,002779 | I1 
ML 9,8507 45 | | 99997473 | 10,002527 | 10 
51 | 9.848345 | 9.850919 | | 9,997726 | 10,002274 91 
52 | 9.848472 9.850493] | 9997979 | 10,002021 | 8 
53 | 9:348599 | 9,850307 | | 9,998231 | 10,001769 | 7 
75 5848726 9, 850242 9, 998484] 10, 001516 6 
55 | 9.848852 9.850116 [9.998737 | 10,001263 | 5 
56 | 9.848979 | 9.849390 | | 9,998989 | 10,001011 | 4 
57 | 9.849106 | 9,849864 | 9.999242 | 10,000758 | 3 
58 9.849232 | 9849737 | | 9:999495 | 19,009505 | 2 
59 9.849359 | 9.849911 | | 9,999747 | 10,000253] I 
60 | 9,849485 | 9,849485 ] 10,000000 | 10,000000 | o 
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Problem. 


To find the logarithmic ſine of an angle (a) 
leſs than 1, or 60". | 


Rule. 
% ˙ 0 log. 1.77813 
Jo ** Fꝛ . 
So is the ſine of 60", or 11 - — 6, 463726 
To the fine of ht 
Becauſe yery ſmall arches are proportional to 
thetr ſines. 7 
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